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Heparin {1s one of the most Important anticoagulants of blood, The use of heparin as an anticoagulant pre- 
sents many advantages over other preparations; it fs readily soluble in water and physiological saline, {ts action 
is virtually instantaneous (peak effect after 5 minutes), it ts rapidly eliminated from the organism, and It does 
not Increase the osmotic pressure of blood, Yet, although heparin is so widely applied, the mechanism of its 
effect on blood clotting has not been adequately studied, Heparin is usually regarded as a physiological ant- 
coagulant, which {s always present in the blood, and which inhibits Intravascular clotting by binding one [7, 11, 
13, 14, 16] oc more [9, 19] of the components of the blood clotting system, 


The present paper 1s devoted to the study of the reaction between heparin and thrombotropin, which was 
shown by B, A. Kudryashov [4] In 1948 to be a new component of this system. Thrombetropin I{s the initiator of 
the process of blood clotting, its action on prothrombokinase being the first step of this process. The effect of 
heparin on this important stage of blood coagulation has not heretofore been investigated, 


We also investigated the reactions of heparin with blood calcium, prothrombokinase, and thrombokinase; 
very diverse views as to the nature of these reactions have been reported, and highiy contradictory opinions have 
Seen expressed by different authors, 


EXPERIMENTAL METHODS AND RESULTS 


We used the following methods: determination of blood prothrombin activity (5), of thrombotropin [4], 
of blood calcium [de Waard (3)], clotting time of normal and heparinized plasma (G. G. Bazazyan’s method) 
after addition of thrombin. In a nurmber of experiments we used plasma which had been treated with Ca;(PO,),, 
to remove prothrombin [15] and thrcmbotropin [1]. 


Heparin and thrombotropin; we studied the mutual relations of heparin and thrombotropin in blood clotting 
systems, in vivo, using albino rats, and in vitro, with thrombotropin preparations, 


We examined the effect of thrombotropin on the activity of heparin added to Ca,(PO,), -treated rat plasma 
to which thrombin had been added to promote clotting. These experiments were repeated with fibrinogen solu- 
tions instead of plasma, Thrombotropin was added to the plasina or fibrinogen solutions simultaneously with 0.5% 
beparin, 


The activity of heparin fell in the presence of physiological levels of thrombotropin activity; tnis was 
shown by a shorteviing of clotting time of thrombin-activated plasma, from 25 to 17.8 seconds, Thrombotropin 
alone had no effect on the clotting time of plasma after addition of thrombin, 


Only active thrombotropin exerted any effect on the activity of heparin. If the thrombotropin was inactl- 
vated by heating at 48° for 5 minutes it did not lower the activity of heparin, and even somewhat lengthened 
the clotting time of plasma weated with thrombin, 


The same effects were observed when 0.5% heparin and thrombotropin solutions were Injected simultaneously 
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into the Jugular veln of rats; active thrombowopin shortened the clotting time of heparinized plasma treated 

with thrombin, from 30,8 to 20.3 seconds, while inactivated thrombotropin somewhat lengthened clotting time, 
fromm 30.8 to 35.9 seconds (30,8 seconds Is the mean clotting time found for thrombin- induced clotting of plasma 
from centrol rats injected with 0.5% heparin solution and phystological saline), 


The effect of 0.5% heparin solution on the thrombouopin activity of rat plasma was studied In vitro and 
in vivo. The tn vivo experiments, perforrmed on 33 rats, showed a mean thrombot opin activity of 94.3% before 
injection of heparin, and of 25.1% after, The same volume of 0.85% NaCl was given to a group of 12 control 
rats, Instead of heparin solution, and in this group thrembowopin activity fell very slightly, from 96,5 to 85.5%, 
t.e., it remained within the normal range. 


It thus appears that heparin causes a marked fall in thrombouopin activity, The same effect was seen in 


experiments in which 0.5% heparin was added to rat plasma in vito, Similar results were obtained when fibrino- 


gen solutions were taken instead of plasma. 


Effect of Prothrombokinase and Thrombokinase on the Activity of Heparin 


- 


The effect of heparin and thrombokinase taken together was studied separately for thrombokinase Itself 
and for its precursor prothrombokinase. Prothromboklnase was activated by means of plasma thrombotropin, 


using B, A. Kudryashov’s method [4]. 


Heparin was dissolved in prothrombokinase or thrombokinase solutions, to give a concentration of 0.5%, 
and 0.1 ml of the resulting solutions was added to 0,9 ml! of Ca,(POg, -tweated rat plasma, 


Clotting of 0.2 ml portions of the mixtures was effected by adding an equal volume of thrombin solution, 
and clotting time was recorded. As a control, we added the same voiume of heparin solution dissolved in 0.85% 
NaCl, Instead of In prothrombokinase or thrombokinase solutions, to plasma, 


It was found that prethrombckinase or thrombokinase somewhat lowered the activity of heparin, shortea- 
ing the clotting time from the control value of 15 sec, to 9-10 sec, 


There was no significant difference between the effects of prothrombokinase and thrombokinase, 


Addition to the plasma of prothrombokinase or thrombokinase alone had no effect on the clotting time, 


We used prothrombokinase prepared from rat brain, thromboplastin, and a preparation of prothrombokinase 
not contaminated with other proteins, called Hemostasin, Hemostasin was somewhat more active than throm- 
bokinase or protirombokinase prepared from rat brain. 


Heparin and Calcium 

In the first series of experiments we examined the effect of heparin on the concentration of calcium salts 
in rat blood, both in vivo and in vitro, while in the second series we examined the effect of adding calcium 
chloride on the activity of heparin, 


In the first series of in vitro experiments blood was taken from the jugular vein of rats, into a syringe con- 
taining 0.1 ml of 0.5% heparin solution, and It was then centrifuged, and the calcium content of the heparinized 
plasma was determined, The mean value found was 7.62 mg %, Blood had been taken previously from thie sam 
rats, with 0.85% NaCl In the syringe instead of heparin solution, and the calcium content of the serum was found 
to be 7.32 mg % 


It follows that the calcium content of blood is unaffected by heparin in vitro, 


The same result was obtained in experiments in which heparin was injected {nto a vein, . in various 
amounts, and blood samples were taken after injection, 


We examined the effect of calcium chloride on the activity of heparin, using whole oxalated rat plasma, 
Ca,(PO,) -treated rat plasina, and fibrinogen solutions, We hoped in this way to avoid the contradictory results 
obtained by workers using one type of experimental material only — plasma or fibrinogen, 


For the in vitro experiments we added to 0.9 ml of plasma or fibrinogen 0.1 ml of 0.5% heparin solutions 
in 0,025 M calcium chloride, and clotting of the mixture was effected by means of thrombin solution, The con- 
trol systems consisted of 0.9 ml of the same plasma or fibrinogen with 0,1 ml of heparin dissolved in 0.85% NaCl, 
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Our experiments showed, as did those of M, A. Ukolova (6), that calcium chloride causes considerable lowering 
of the activity of heparin (clotting time was shortened from 20.9 to 12,6 seconds for whole plasma, from 23.4 
to 12,3 seconds for Ca;(PO,),-treated plasma, and from 12,0 to 6.7 seconds for fibrinogen sclution), Addition of 
calcium chloride alone to the same plasma or fibrinogen solution had no effect on clotting time after addition 


of thrombin. 


In the in vivo experiments heparin was Injected, followed after 5 minutes by 0.025 M CaCl, solution, The 
same volume of plystological saline was in injected into animals of the control series, Blood samples were taken 
5 minutes after injecting calcium chloride or saline solution, the plasma was separated by centrifugation, and 
was coagulated by means of thrombin, It was found that the clotting time of heparinized plasma was shortened 
from 78.6 seconds after saline Injection to 22.2 seconds after calcium chloride injection, Injection of calcium 
chloride alone had no effect on the clotting time of thrombin-treated plasma, 


DISCUSSION OF RESULTS 


We conclude from our results that heparin and thrombotropin are antagonists. Addition to rat blood, in 
vivo or in vitro, of thrombotropin preparations, at levels close to the physiological ones, lowers the activity of 
heparin added to the same systems, This property of thrombotropin is abolished by thermal inactivations. Intro- 
duction of heparin Into the blood lowers the activity of added thrombotropin, Heparin has no effect on the cal- 
cium content of blood, 


Thrombotropin, prothrombokinase, thrombokinase, and calcium do not, by themselves, shorten the clctting 
ume of oxalated rat plasma to which thrombin has been added, This confirms the findings of Conley (8) and 
Lyttleton (12) that free heparin 1s either absent from plasma, or present only tn very Insignificant amourt; bind- 
ing of free heparin by the above-named substances could cause significant shortening of clctting ime of throm- 
bin-treated plasma, as has been shown above, 


It appears that calcium and active thro: -botropin present in blood may exercise a sort of buffer action, 
preventing heparin from exerting its action In normal physiological states of the orgarism (l.e., wien small 
amounts of heparin may be entering the blood stream). 


The presence of large amounts of heparin in the blood in certain pathological states may be Interpreted 
as a defense reaciion of the organism, whereby heparin acts in the first place by binding plasma thrombotropin, 
so preventing Intravascular clotting. 

It may thus bz concluded that heparin does not play any definitive part in the normal physlological process 
of blood clotting. In our opinion, the maintenance of the fluid state of blood {1s ascribable to the absence of 
thromobokinase from the plasma, but not to the inhibitory acticn of heparin on prothrombin or other blood con- 
stituents, as is genes 

The basic phystological importance of heparin appears to be that It Is secreted Into the blood stream in 
large amounts when thrombogenic components appear, and could directly lead to intravascular clotting; heparin 
powerfully inhibits their activity, 

Consideration should be given to the treatment of hyperheparinemia by administration of calcium chloride, 
witich powerfully inhibits the activity of heparin. In using heparin therapeutically account should be taken not 
only of prothrombin, but also of thrombowopin, activity. 


SUMMARY 


The relationship of anticoagulant heparin was investigated with thrombotopin, prothrombokinase, throm- 
bokinase and calcium, 


It was demonstrated that heparin anc thrombotropin are in antagonistic relationship, 


Prothrombokinase and thrombokinase reduce the activity of heparin to the same extent, 


Calcium chloride greatly decreases the activity of heparin introduced into the bloodstream, 


Heparin introduced into the blood has no effect on the concentration of calcium salts in the blood, 
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* Original Russian pagination. See C, B, Translation, 


blood coagulation enter the bloodstream. 
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The author considers that heparin exerts a powerful anticoagulant effoct with compound action only in a 
pathological condition of the body when thrombogenic components which may directly cause the Intravascular 
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- PRESENCE OCF COMPONENTS OF THROMBOPLASTIN IN ERYTHROCYTES 
V. P. Baiuda 
a From the Chair of Pathological hysiology (Director — Prof. 1, A. Oivin), Kuban . 
Pi Medical Institute (Director: Prof. V. K. Suprunov), Krasnodar 
: “i (Received March 8, 1957. Presented by V. N. Chemigovsky, Member AMS USSR) 
3 Blood coagulation is a complex blological process, requiring the participation of a large numver of factors 
~ g present In the plasma, the blood plaiclets, and the tissues, A number of workers (1 — 3, 4, 5, 11, 12] have shown 
Wat a number cf take pat in the process, other than fibrinagen (Factor 1), prothrombin (Factor 2), throm- 


boplastin (Factor 3), and calcium salts (Factor 4). It is known, moreover, that thromboplastin fs present in an 
inactive form in the blood platelets, leucocytes, and body tissues (1, 8]. Blood thromboplastin originates from 
a number of factors present in the blood platelets and the plasma. Special importance in the formation of 
thromboplastin has been ascribed to anthhemophilic globulin (Factor 8), te the plasma component of thrombo- 
plastin (Factor 9), and to Factor 10. Ac- globulin (Factor 5), pro-convertin (Factor 7), and calcium chloride 
(Factor 4) appear also to take part In the formation of thromboplastin, since none of these factors has any ef- 
fect on the activity of formed thromboplastin (9). Bleod thromboplastin originates from the interaction of pla- 
telet and plasma factors. The existence of a selatively Large number of factors which are active in the first 
phase {Is supported by the fact that deficiency of each Individual factor, except Factor 4, results in a specific 
form of hemorrhagic diathesis. 


Evidence has been reported in the literature that the thromboplastin activity of blood depends on the pre- 
sence of fully active blood prothrombckinase (blood platelets), and on the concentration of plasma thrombo- 
plastin factors [1, 11]. The more thromboplastin is formed in the first phase of clotting, the more prothrombin 
is converted into thrombin in the second phase, for conversion of fibrinogen into fibrin in the third phase. 


It follows from the above that the most complex phase of blood clotting is that of thromboplastin forma- 
tion. Very little study has been devoted to the relations of erythrocytes to this process. 


A number of authors have established the presence in human erythrocytes of factors participating in the 
formation of thromboplastin [10, 13]. 


The present paper presents evidence of the presence of thromboplastin factors in dog erythrocytes. 


EXPERIMENTAL 


The experiments were performed on male dogs, Four ml of blood were taken from a superficial vein of 
a forelimb of healthy dogs, without anesthesia; 2 m! were immediately placed in a centrifuge tube containing 
9.5 ml of 1.34% sodium oxalate solution, and the remaining 2 ml were placed into another centrifuge tbe. Two 
series of experiments were performed. 


In the first serles evidence of the presence of thromboplastin factors in erythrocyte, was }csed on measure- 
ments of recalcification times of oxalated dog plasma in the presence of aqueous hemolyzates of washed erythro- 
cytes. As controls we measured recalcification mes in systems containing physiologicai saline. 


Plasma recaivific ation time was determined in the following way: 0.2 ml of 0.277% CaCl, solution and 
0.1 ml of hemolyzate were added to a6 % 199 mm test tube, followed quickly by 0.1 ml of plasma, a stop- 
watch being started at the same time. The test tube was shaken, aud the time of appearance of fibrin floccules 
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was noted. The measurements were made in a water bath at 38°. Recalcification time was taken to be the 
interval between introduction of plasma and appearance of fibrin floccules (4}. 


Ih the second series of experiments we examined the effect of hemolyzate on prothrombin requirement. 
The prothrombin requirement for clotting was determined by the method of Quick [14]. The prothrombin re- 
quirement was calculated from the difference between its content In the plasma and serum when blood was 
allowed to clot in the normal way, after addition of hemolyzate or of the same volume of physiological saline 
(control). The data so obtained served for the estimation of tozal thromboplastin activity (6} 


EXPERIMENTAL RESULTS 


Our control experiments showed that the recalcification time of oxalated dog plasma varied within the 
range 80-142 seconds, This time was shortened when a diluted hemolysate of dog erythrocytes was added. A 
statistically treated presentation of the results {fs given in Table 1. 


TABLE 1 


Effect of Hemolyzate on Recalcification Time of Oxalated Dog Plasms 

Statiscical _ Plasma recalcification time (seconds) 

coefficients plastna and physiological | plasma and red cell hemo- 
saline 


Note: M is the mean arithmetic value, o is the standard deviation, m 
the mean error, t is the index of significance of deviations, and P is 
the probability of difference, calculated tn relation to the recalcifica- 
tion time found in the presence of physiological saline. 


It appears from the data of Table 1 that when physiological saline is added to the plasma the recalcifi- 
cation time, as calculated from the arithmetic means, is equal to 100 seconds (9 = 4 21seconds); with red cell 
hemolyzate this line is decreased to 3> seconds (og = £ 4 seconds.) Hence the coagulabillty of oxalated piasma in 
the presence of hemolyzate and with subsequent recalcification is increased, with reference to the control (P < 0.001), 


The shortening of recalcification time of plasma in the presence of hemolyzate {s related to raised throm- 
boplastin activity _f the plasma. This may have been due to introduction of blood platelets together with the 
hemelyzates, or iv the presence of thromboplastin components within the red cells. Special examinations 
showed that platelets were absent from erythrocyte hemolyzates, It may hence be assumed that the increase 
in tiromboplastin activity of plasma observed after addition of hemolyzate is due to the presence of thrombo- 
plastin factors in erythrocytes (Table 2). 


+ The data of Table 2 show that addition of hemolyzate raises the prothrombin requirement, as compared 
with the control and with normal values (P < 0.001), and this points to araiseu hromboplastin activity of 
plasma mixed with hemolyzate, It may hence be concluded that factors possessing thromboplastin activity 
are present in erythrocytes, 


kecalcification time in the presence of hemolyzate was accordingly shortened, and prothrombin require- 
ment raised. It has been shown by a number of workers (1, 12) that the thromboplastin activity of blood is 
determined by the amount of platelet and plasma factors present, contributing to the formation of thrombo- 
plastin. The higher the content of such factors, the higher will be the thromboplastin activity of the blood, 
and this, in turn, determines the prothrombin requirement for the blood coagulation process. The raised throm- 
boplastin activity and the shortened recalcification time of plasma containing hemolyzate may thus be ascribed 
to the presence within erythrocytes of thromboplastinogenic components participating in the formation of blood 
thromboplastin, 
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TABLE 2 


Effect of Hemolyzate on Prothrombin Requirement 
Statistical coef- Prothrombin requirement 
ficients under ordinary in presence of in presence of physiolo- 
conditions hemolyzate___ gical saline 

84 


i ce Our finding of thromboplastin factors within dog erythrocytes {s in agreement with those of Quick et al. 
=: and of Ottovian! and Dettori for human erythrocytes. The presence of thromboplastin factors in human and 
. dog erythrocytes supports the view that this may be a general biological phenomenon. 


SUMMARY 


Data conceming the presence of thromboplastin factors in dog erythrocytes are presented. The presence 
of these factors was judged by the influence of water hemolyzate of washed erythrocytes on the time of recal- 
cification of the oy alared nlacma and on utilization of prothrombin. The average time of recalcification of 
oxalated plasma equalled 100 seconds (o = 421), while utilization of prothrombin was 63(0 = 42). Addition 
of hemolyzate of erythrocytes t~ the plasma was associated with reduced duration of recalcification (P< 0.001} 
Utilization of prothrombin was increased in presence of kymolyzate (P< 0.001). 


Reduced time of recalcification and increased utilization of prothrombin are connected with the pre- 
sence of thromboplastin factors in erythrocytes, 


The presence of thromboplastin factors in erythrocytes of human beings and dogs supports the view 
that this phenomenon has a general biological character. 
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EVALUATION OF THE AMCUNT OF PEPSIN AND HYDROCHLORIC ACID 
SECRETED BY A PAVLOV STOMACH POUCH IN DOGS® 


N. P. Pyatnitsky, I. N. Pyatoitskaya, and S. F. Rakitina 


From the Chair of Siochemistry (Director: Prof. N. P. Pyatnitsky), Kuban 
Medical Institute (Director: Prof. V. K. Suprunov), Krasnodar 


(Received January 1, 1957. Presented by V. N. Chernigovsky, Member AMS USSR) 


Curves representing rate of secretion of gastric fuice, its acidity, and its digestive power, after feeding 
cogs Wilh Dread, Meat, cz were Sizse by Pavlov, and ase families to aff ap- 
— to us that the secretor 7. function of the stomach mignt be more accurately assessed from a consideration 

e absolute amounts of hydrochloric acid and of pepsin units secreted by the gastric glands, rather than from 
zlues of the acidity c of the juice and of its enzymic activity, although the importance of such data cannot 
ed. The volume of the juice is in te first ee z indication of the amount of water secreted. The 
of juice does not always vary parallel with the amount of hydrochloric acid and of pepsin. The results 
experiments confirm the opinions of those authers who believe that secretion of hydrochloric acid takes 


independently of secretion of pepsin. 


Although it is desirable to make use of three tests for an appraisal of the secretory function of the stomach 
(ammount of juice, number of milligrams of acme sa acid, and number of pepsin units), papers continue to 
appear in which the authors make use of acidity and peptic activity data. They all come to the conclusion that 


these two indices do not reveal any regularities whatsoever. 


Cne of the obstacles to the anplicaticn of the me-bod proposed by us is the lack of any simple and accu- 
rate procedure for determining the number of pepsin units. As is. known, Meu’s method is not suitable for this 
perpose. N. P. Pyamirsxy (2) suggested in 1937 thar peptic activity could be evaluated ffom the milk-curdling 
power of the gastric juice. The same proposal was made earlier by V. V. Savich and F. M. Migai [6], on the 
basis of L P. Pavlov’s view that.pepsin and chymosin were identical. At that time, however, the majority of 

ekers ascribed the milk-curdling activity of gastric joice to a special enzyme, chymosin, and, moreover, the 
rep technique was not sufficiently simple and accurate. It is now believed that chymosin is absent 
e gastric juice of adult animals and humans. 


. Buchs (8), who studied the digestion of edestin by hydrochloric acid extracts of the gastric mucosa of 
in buffer solutions (glycine — hwtrochlorie ac id}, found two pH optima, at pH 2 and 4.5. He hence 
ded that gastric mocosa contain two enzymes, peprin and cathepsin. Tolekmitt [11) was unable to con- 
Im tie presence of two pH optima for digestion of protein by gastric Juice. For this reason he supported the 
view that the existence of two proteolytic enzymes has nor been established, in gastric juice. We believe, on 
the basis of the results obtained by M. N. Selyukova [7] in our laboratory, that cathepsin is certainly present in 
hydrochloric acid extracts of gastric mucosa, As for g2scric juice, it either does not contain any cathepsin, or 
there are not more than traces of it. 


Northrop’s crystalline pepsin exerts a marked milk-curdling action. The milk-curdling activity 1s pro- 
portional to the amount of pepsin. 


Instead of whole milk we now use milk diluted with buffer solution, for the evaluation of milk- curdling 


* Presented at the 8th Congress of Fhysiologisis of the Southern RSFSR, June 3, 1956, in Stavropol Kavkazskit. 
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TABLE 1 
pproximate num- | Record'ng of 
Curdling time | Compared with et of units per sente 
(minutes) normal 1 ml 

Less than 3 Very strong More than 2500 ++++ 
3-4 Moderately strong 2001 —2500 +++ 
4—\v Normal 1001 —2C 90 ++ 
10—15 Weak 5c! —1000 + 

More than!5 From zero to 0— 500 0 or traces 


waces 


activity. In a study of the rate of conversion of pe} sinogen into pepsin, made in 1933, Ege and Menk- Thygesen 
[9] used acetate buffer at pH 5 (42 g of sodium hydroxide and 115 ml of 80% acetic acid per 1000 ml of water). 
This buffer was added in equal volume to fresh cow's milk. Five ml of milk- acetate mixture was added to 

0.1 ml of gastric Juice in a test tube, and the time required, at 25°, for the appearance of floccules of casein 
on the walls of the test tube was recorded. 


Kleiner {10} considers that rennin is absent from the gaswic juice of human aduits, and, simiiariy to us, 
considers that milk-curdling activity can be taken as a measure of pepsin activity. As he considered that the 
method of pepsin assay previously devised by Borowski, Tauber and Kleiner was too complicated, Kleiner worked 
out a simpler modification of this method. Gastric Juice is diluted 1:50 with water, and 1 ml of the solution 
is added to 10 ml of milk- acetate mixture at 20°, the mixture Is placed In a water batin at 20°, and the number 
of minates required to curdle the milk {s recorded. The results are read according to Table 1. 


As Is evident from Table 1, the determination of acilvity of gastric juice in Kleiner units {s very approxi- 
mative and inconvenient. 


N. P. Pyatnitsky suggested in 1954 that a unit of pepsin should be taken as that amount which causes 
curdling of 5 ml of milz- acetate mixture in 60 seconds at 25°. Dividing 60 by the number of seconds required 
with a measured eliquot of gastric juice gives the number of pepsin units in the aliquot. For example, if 0.1 
ml of undiluted juice curdles 5 ml of milk- acetate mixture in 20 seconds, 1 ml of juice will contain 30 pepsin 
units (10 X 60/20 = 30). 


The simplicity and accuracy of the chymosin method of assay of pepsin, and the convenlentunits for 
expression of its amount, encouraged us to repeat L P. Pavlov’s experiments on dogs fed with bread, meat, 
and milk. 


We had four healthy dogs with Pavlov pouches at our disposal. We performed three experiments with 
each type of feeding. The secretory response varied individually for each dog, but was always the same for 
a given sort of food. For this reason, the results of only one experiment with a particular food are presented 
in Table 2. . 


The following regularities are evident from an inspection of the curves for total secretion, secretion of 
hydrochloric acid, and secretion of pepsin, plotted from-our experimental results. After a bread meal (200 g) 
very little gastric Juice and hydrochloric acid are secreted, but relatively large amounts of pepsin (see Figure). 

fuch Juice, hydrochloric acid, and pepsin are secreted inresponte to meat (200 g) Ingestion of 600 ml of milk 
ieads to a smaller secretion of juice, tydrochloric acid, and pepsin than after meat. In all the experiments, 
the amount of acid secreted varies in the same direction as does the volume of juice and its pepsin content, 
although full parallellism is not observed. Secretion of acid and of pepsin also do not always vary parallel. 
As is known, the activity and the acidity of the juice vary reciprocally as a general rule: the higher the acidity 
of the gastric Juice of a given dog, the lower {s its peptic activity. The acidity of Juice is lowest at the begin- 
ning and the end of the secretory period, and remains fairly constant atthe height of secretion. 


It follows from our observations that there is no strict parallellism between secretion of water, pepsin, 
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Secretion of (1) gastric Julce; (2) pepsin; (3) hydrochloric acid, in response to bread, 
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TABLE 2 
Indexes of the Work of a Pavlov Gastric Povch Over a 5 Hour Secretory Period 


Activity tn mi 0.1 N 
NaOH lactivity 


free bound Ce mi | tml | mg 


Dog Palma 


50 
58 4 

Fed 200 


46 
Total amount 
of juice over 
5 hours 


Fed 200 g 
of meat 


Total amount 
of juice over 


of juice over 
5 hours 


Dog Ryzhik 


50 80 


Fed 200g 


of bread 


Total amount 
of juice over 
5 hours 


Fed 600 g 
39 3 of meat 
J 6.2 
Total amount 30.6 113.7 [126.1 


Fed 200 g 


Total amount 
of juice over 
5 hours 


a 
: 2 2 | 18 | 28 
3 1.5] 10 | 34 
a 4 1 6 | 37 
7.6 | 1.1] 6 
12.8 |108.4 
| | 
oe 1 9 | 70 | 30 108 7.6 | 33 | 67 
2 13 | 100 | 95 132 6.6 | 59 | 85 
a | a2] 39 122 9.2 }22 | 73 
4 4 6 | 32 104 9.4 | 36 
5 2.2] 10 | 30 52 | 33 
36.2 153 
1.2] 10 8.5 | 2.6] 10.2 | 
2 10 
4 0.8 1s 12 
72 5 0.5 13.3 6.6 
4.4 4.4] 58.8 
“3 4.s| 40 | 30 90 | se 
2 | 45 30 92 10 13.6 | 50 
3 3 | 20] 40 72 7 
4 2.6] 10 | 35 50 7 4.1 [17.5] of meat 
5 2 30 40 8.6 } 2.2] 17 
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TABLE 2 (continued) 


Activity in ml 0.1 N Activity | HCI 
NaOH 


Hour 


oy free | bound | total 


50 RY) 89 66 | 11.7] 26.4 of meat 


30 % 98 1.5 | 87] 34.5 
3.5] 40 50 100 10 11.8 | 35 Fed 600 g 
4 40 | 10 «9 10.8 | 3.6] 2.6 | 
4 5 
4 Total amount 35.8 |128.5 
i of julce over 
5 hours 
4 Dog Dik 
35] 8 | 16 52 14.3] 3 | 50 
= 3 1 12 22 8.5 | 04] 8.5 
a 5 05 6.6 3.3 
Total amount 8.5 5.4 [100.3 
of juice over 
9 | 98 10 12 6.6 |34 | 504 
» ? 192 12 120 5.7 | 45.7 | 62.7] | red 2008 
3 4 18 116 9 30.7 | 72 
4 | 102 15 | 14.6] 60 
5 1 30 
Total amount 


of juice over 33 5 128.4 |284.1 


ho: 


1.51 80 | 30 130 26.1 | 77 Fed 600g 
4 of meat 


Total amount 
of juice over 
hours 


Dog Laska 


22 80 
64 22 96 15 
40 16 50 10 
20 10 40 6 


45 
9 Fed 200 g 


7 of bread 


a 


fota] amount 11.3 
of juice over 
5 hours 


4 Se: 2 
a 
: 1 3 30 30 102 8.5 | 6.6] 25.5 & 
5 2 | 3 | 20 60 12 3.6 | 24 
31.5 91.5 |248.5 
4 13.6 |100 
9.4 
4 
4 0.3 | — | 1.6 
4 28.1 |172.6 
4 
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TABLE 2 (continuedp 


Activity In ml 0,1 N Acuvity | HCl 


Hour ‘35 NaOH 

E | bound | total 1 ml “| mg 293 
20 100 26 140 456 | 92] 90 
22 | 130 15 150 5 11.6 Fed 200 g. 
16 110 23 140 6 78 06 
8 100 20 125 7.5 | 30.6 | 52.5 

Total amount | gs 413.6 1453.5 


of julce over 
5 hours 


63.8 | 37.8 


136 85.7 | 38 
140 7 |107,4 | 39 Fed 600 g 
130 5 | 72.3| 56 of meat 


20.7 | 36 
49.9 [206.8 


Total amount | 78 
of Julce over 
5 hours 


and acid by the gastric glands. The work of these glands cannot be appraised on the basis of the proteolytic 
activity of the Juice, or of its acidity; it may be evaluated from the amount of pepsin and of hydrochloric acid 
produced during a given secretory period (5 hours), We found that not much Juice or hydrochloric acid was 
secreted in response to feeding 200 g of bread, but that relatively large amounts of pepsin were secreted, the 
response to 200 g of meat was much Juice, much pepsin, 2nd much acid, end to 600 g of milk somewhat less 
Juice, pepsin, and acid than to meat. The proteolytic power of the gastric Juice of adult humans and animale, 
at pH 1.6— 2, varies parallel with its milk-curdling power (at pH 5). For this reason, the chymosin method 

for the assay of pepsin merits wide application. 


SUMMARY 


The authors suggest that absolute quantities of stomach juice, hydrochlerie acid and pepsin should be 
determined during the whole period of secretion for examination of the secretory function of stomach glands, 
Hemozinic method of pepsin determination, as well as new units of pepsin are proposed, 
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THE PHYSIOLOGY OF THE LARGE INTESTINE 


A. D. Dzhalalov 


From the Laboratory of the Physiology and Pathology of Digestion, the Department of 
Medicinal Nutrition (Head — V. L. Gubar, Doctor of Medical Sciences), the Institute of 
Nutrition, AMS USSR, Moscow 


(Received February 8, 1957. Presented by V. N. Chernigovsky, Active Member of the AMS USSR) 


Although there are many works studying the various aspects of digestive tract activity, there are only a 
few on the physiology of the large intestine. G. B. Berlatsky (2) indicates that the glands of the large intestine 
produce a small amount of Juice. N. D. Strazhesko [6], D. L. Glinsky [4] and others have shown that the intake 
of food has litue effect on the amount of Juice secreted. O. V. Varnke and M. M. Levin [3], K. M. Bykov and 
G. M. Davydov [1] noted that the amount of Juice secreted from a fistula of the large intestine fluctuates in 
both humans and animals. Due to the varying character of this secretion and the small amount of enzymes 
present, many researchers doubi Wai ie juice sccrcicd by the larg» intestine ts important in the digestive pro- 
cess. How the glands of the large intestine are stimulated has not yet been determined. 


EXPERIMENTAL 


The experiments were done with dogs. A loop of the large Intestine 15-20 cm long, 10-15 cm from the 


fleocecal valve was partially Isolated (according to V. L. Gubar’s method [5]). The operation we performed 
was a circular transection of the mucosa at both ends of the isolated loop, leaving the serous and muscular 
layers intact. The intestinal sections adjoining each end of the isolated loop were pulled together and anasto- 
mosed. ‘A fistula was induced on the {isolated loop of the intestine in order to collect the juice, record the 
motor activity and effect the stimulation of this loop. A fistula was also induced on the stomach. The advan- 
tage of this operation was that most of the intramural nerve links were preserved, since the muscular and serous 
lay-2rs of the large intestinc$ walls had been left intact. 


The dogs were fed 16-18 hours before the experiment. Juice was collected from the loop of the lecge 
intestine for 4-6 hours; the amount of juice secreted was determined every 30 minutes, We used special stim- 
ulants in a series of experiments to stimulate secretion (a suspension of calomel in water, a decoction and paste 
made from a finely ground beet, a rubber tube and a rubber balloon). 


We used a 0.5% solution of novocain with adrenalin added (2-3 drops of a 1: 1000 solution) to anesthe- 
tize the mucous membrane. In most of the experiments, we recorded the movements of the {solated intestinal 
loop and the stomach (on a kymograph with an air transmission) while the Juice was being collected. 


A total of 165 experiments were done. 


EXPERIMENTAL RESULTS 


The amount of Juice spontaneously secreted from the isolated loop of the large intestine in an hour was 
0.1-2.5 ml, and 0.5-8 .2ml of juice were secreted in 4-5 hours (Fig. 1,1). 


Secretion did not increase when a small rubber tube was introduced into me cavity of the isolated loop. 
When a rubber bailon was inflated in the intestinal cavity, secretion increased to 3 ml per hour (Fig. 1, 2). 


We anesthetized the mucosa of the Isolated loop of the large ‘ntestine with 10-15 ml of a 0.5% solution 
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of novocain In order to determine how stimulation was transmitted from the intestinal cavity of the glands 
Ancsthetizing the mucosa stopped the secretion caused by the inflation of the balloon, but secretion was resuna- 
ed (Fig. 1,3) when the anesthesia had passed (after an hour). 


The uve of natural conditioned and uncenditioned stimulants (showing and feeding meat, black bread, 
etc.) had no material effect on the rate of juice secretion, The inclusion in the diet of rough food stimulants 
(400 g of boiled beet) did not effect the secretion tn the fsolated loop of the large intestine either. Nor did 
stirmul ating its mucosa with calomel, beet grucl with bouillon, lactose and other substances promote secretion. 


We also investigated noctumal secretion in the dog’s large intestine. No nocturnal Juice secretion was 
observed under laboratory conditions, although {it was invariably observed under vivarium conditions, A rubber 
bottle was attached to a cannula In order to collect the Juice secreted in the vivarium; up to 10 ml of juice, 
which had a foul odor and contained a great quantity of mucus, had collected in the rubber bottle after 16-18 
hours. 


Amylase was determined according to Wohlgemuth, and the amount of dense residue and sol in the intesti- 
nal juice was determined. Periodically, we calculated the dense residue of the stool. 


The amount of amylase in the juice was not more than 5-10 units. The average dense residue of the 


juice in 10 experiments was 2.48% (1.23% organic substances and 1.2% inorganic substances). In the dog Foxy, 
the average dense residue in the stool was from 27.3% to 18.7% 


We found that the motor activity of the large intestine 1s extraordinarily complex. It consisted of a series 
of waves differing as to frequency, amplitude and configuration. The waves of the first order (individual contrac- 
tions) usually occurred 1-2 times per minute (Fig. 2, a). They combined and together formed the complex wave 
of the second series (Fig. 2,b) The waves of the second order occurred 6-7 times an hour. The pauses between 

these waves disappeared when, as sometimes 
happened, the waves of the second order succe- 
eded each other rapidly. 


One could also often see small waves of 
peristalsis on a background of intestina' loop 
tonic contractiors (Fig. 2, c); these could be 
superimposed upon the waves of the first order. 


Moter activity stopped when the mucosa 
was anesthetized. The contraction waves menti- 
oned, which were recorded by means of a rubber 
bulb, disappeared. 


Comparison of the curves simultaneously 
recorded fron: the contraction of the large in- 
testine loop and of the atomach did not allow 
us to establish any definite interrelation between 
them. 


We injected atropine and pilocarpine in 
order to find how the secretion and motor acti- 
vity of the large intestine were influenc 2d by 
the parasympathetic system. 


Amount of secretion (in ml) 


A 


After an intravenous injection of 1-2 mg 
of atropine, secretion and motor activity in the 
isolated loop of the large intestine ceased simul- 
Time (in minutes) taneously and immediately. When the atropine 
was injected subcutaneously, a similar effect 
occurred after 10 minutes. The effect of the 
atropine lasted 14-2, hours. 


Fig. 1. Secretion from the isolated loop of the large 
intestine. 1) spontaneous secretion; 2) secretion 
caused by inflation of a balloon in the cavity of the 


isolated loop; 3) secretion when mucosa was anesthe- When 3-4 mg of pilocarpine was injected 
tized with novocain . 
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subcutaneously, the secretory and motor activities of the large Intestine became Intensified. The contractions 
increased in frequency, and the amount of Juice secreted reached 3.5-8.4 mi an hour, 


We then attempted to develop a motor or secretory conditioned reflex of the large intestine to the in- 
troduction of atropine into the blood or subcutaneously. We used the sound of a metronome and the injection 
procedure as the conditioned stimul! and atropine as the unconditioned reinforcement. We could not obtain 
a conditioned reflex after 60 combinations, However, secretion ceased for a long time after these experiments, 
and the frequency and amplitude of the contractions were reduced. 
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Fig. 2. Motor activity of the Isolated loop of the large in- 
testine. a) waves of the first order; b) waves of the second 
order; c) tonic contractions. 


Therefore, mechanical stimulation of the large intestine mucosa Is the chief activator of secretion and 
motor activity in the large intestine. Chemical stimulants have no >ffect. The parasympathetic nervous sys- 
tem is very important to the realization of the secretory and motor activities of the large intestine. 


SUMMARY 


it was estabiisved ou dogs Ghat secrecion of the juice in the large intestine is not constanu 
The most pronounced reaction is observed on stimulation of intestinal mechanoreceptors, Chemical stimulants, 
such as calomel, lactose, cic., do not promote secretion. Secretion Is present during the night when animals 
are kept in conditions of vivarlum. The motor activity of the targe intestine consists of a series of waves which 
vary in frequency, amplitude and configuration. More rapid contractions (waves of the first order) appear 1-2 


— times a minute, while the slower ones (waves 2f the second order) 6-7 times per hour. Secretion and motor 
ie 4 activity of an isolated intestinal loop Is arrested after novocain anesthesia of its mucous membrane, Contrac- 
; a tions increase under the influence of pilocarpine, while the effect of atropine causes their reduction. 
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THE EFFECT OF PROPRIOCEPTIVE REFLEXES ON THE HEART. 
CERTAIN PROPERTIES OF PROPRIOCEPTIVE CONDITIONED-REFLEX . 


INFLUENCES ON THE HEART 


I. A. Sapov 
From the Naval Medical Academy, Leningrad 
(Received March 17, 1956. Presented by Academician K. M. Bykov) 


The change in heart activity caused by muscular work has been observed in numerous research works, 
Individual experimenters [1,4,6,9,10,13), through short experLments, have established proprioceptive influences 
on the heart, realized through the mechanism of unconditioned reflexes, Recent works have shown the possibility 
of forming conditioned proprioceptive reflexes on the heart in animals and man [2,3,5,7,8,12,18,19}. 


We have not, however, found in the Mterature any systematic description of the properties of the condition- 
ed reflexes whose formation is based on unconditioned proprioceptive reflex influences on the heart. 


Therefore, the first task in our study Investigating proprioceptive influeces on the cardio-vascular system 
was to determine the properties of these condioned reflexes, 


EXPERIMENTAL 


The work was dors on five male dogs. The experimental method was as follows. Wa used a physical 
(static) load as an unconditioned proprioceptive stimulus, placing the load on the back of a benched dog. The 
load weighed 80% of the animal's weight. Heart activity was recorded with an electrocardiograph; electro- 
cardiograms in the three standard leads were recorded from the extremities. We used a metronome of 120 beats 
per minute (M120) as a positive coadioned stimulus and a metronome of 60 beats per minute (M60) as a nega- 
uve. The experiments were done in an ordinary laboratory room and in a conditioned reflex chamber. 


Earlier (14), we found that a stable electrocardiogram Is established for a given position of a dog’s body 
after the reflexes to environment are extinguished. When no stimuli were used, the dogs’ electroca:diograms 
remained essentially unchanged for cver two years after their stabilization. In spite of this, in evaluating vari- 
ous influences on an animal's body, we started with the electrocardiographic background for that day rather 
thar, with the already established background electrocardiograms, so that, each time, ths experiments began 
and often concluded with an electrocardiograph!c recording made without the influence of stimuli. This showed 
us that, in the dogs, there were respiratory arrhythmia and slight fluctuations in the rhythm, voltage, systolic 
index and other elements of the electrocardiogram. 


Ih most cases, we used one reinforcement the day of the experiment, occasionally two, and in rere cases, 
more. 


After recording the background electrocardiogram, we tested the effect of the ccaditioned *timulus alone, 
then that of the unconditioned stimulus alone, and finally at the end of the experiment, observed the effect of 
a combination or cor.,binations of the conditioned and unconditioned stimuli. Sometimes, the effect of the con- 
ditioned stimulus alone was tested at the end of the experimem. The reinforcement was not used when testing 
the isolated effect of the positive conditioned stimulus on the animals, 


The acting time of the unconditioned stimulus was 4 minutes and, in certain series of cbservations, 30 
seconds and 1-2 minutes. The acting time allottec to the positive conditioned stimulus was, in most cases, the 
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same as that of the unconditioned stimulus 


We observed changes in the animal heart activity during the imposition of the static load and for 3-4 
minutes after removal of the load, Having established this fact, we recorded clectrocardiograms 30 seconds, 
1, 2 and etc. minutes after the stimulating action had begun and 30 seconds, 1, 2, 3 and 4 minutes after the 

action of the stimull had ceased, in order to trace the dynamics of heart activity change. Therefore, the use 
of the next stimulus was only possible 5 minutes after the action of the preceding one had ceased, 


EXPERIMENTAL RESULTS 


After having established stable electrocardiograms for the dogs, we developed conditioned reflexes based 
on the proprioceptive unconditioned reflexes on the heart. 


Under conditions of an ordinary laboratory room, a positive conditoned reflex on the heart was formed 
after 6-10 combinations of the conditioned and unconditioned stimuli (Fig. 1), while fewer combinations of the 
stimuli were needed to form the conditioned reflex under conditions of a conditioned reflex chamber, 


The clearest index of the heart activity changes caused by the static load was the change in rhythm; the 
number of cardiac contractions per unit of time Irereased considerably, and the respiratory arrhythmia usually 
disappeared. Other electrocardiogram elements also changed: the voltage of the positive waves (? and R) first 
decreased, then Increased (at the moment when the conditioned stimulus fully reproduced the effect of the 
physical load}; the voltage of the negative waves (Q and T) decreased; the width of the P wave first increased, 
but returned to its original size as soon as the conditioned reflex was fixed; the size of the sector P-Q now in- 
creased, now cecreased, finally becoming shorter; the complex QRS became broader and the interval R-T shorter; 
the electric ventricular systole decreased by 0.04-0.05 seconds (from 0.22 to 0.17-9.18 seconds), and the sys- 
tollc index grew due to the reduction of the distance R-R. All the electrocardiograms changes caused by the 
sction of the unconditioned stimulus were almost completely reproduced by the action of the conditioned stimul- 


us, with slight differeuces in different dogs. 


Number of cardiac contractions per minute 


Background / 2 3 6 


Fig. 1. Formation (a) and extinction (b) of proprioceptive conditioned 
reflex on heart in the dog Jack. 

Along the horizontal — background and ordinal numbers of reinforce- 
ments or non-reinforcements of conditioned stimulus by unconditioned, 
Shaded strip — normal range of rhythm; 1) greatest rhythm changes 
under the influence of the physical load in the given experiment; 2) 
corresponding rhythm change caused by the action of the conditioned 
stimulus alone. 
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Number of heart conrractions 


per minute 


Time (in minutes) Time (in minutes) 


Fig. 2, Conditioned stimulus reproduction of the effect of the uncon- 
ditfoned stimulus. In the dog Treasure (a), in the dog Jack (b). 
Arrow down — beginning of stimulus action; Arrow up — cessation of 
stimulus action; 1) pe a ne reflex; 2) conditioned refiex. 


The graphs included showing the rhythm changes In heart activity caused by the action of the unconditioned 
and conditioned stimuli were made from experiments on the dog Treasure after 20 combinations and on the dog 
Jack after 16 combinations of the stimuli (Fig. 2). They show that the conditioned stimulus effected exactly the 
same type of change in the heart acilvity 2s did the physical load. This applies to all the elements of the elec- 
wocardiogram. With te use of the static ioad, the maximai changes occurred during Wie period Lnmediaiely 
after the action of the unconditioned stimuius had stopped, but, with the use of the conditioned stimulus, they 
occurred during the last minute of the stimulus action. However, this only characterized the given phase of the 
animal’s manifestation of a reaction to the unconditioned aad conditioned stimuli, and was not invariably ob- 
served, 


The fixed proprioceptive conditioned reflexes on the heart remained in the animals for a long time after 
the conclusion of the experiments, We twice interrupted the experiments after the fixation of the conditioned 
reflexes in two animals: the first interruption was 70 days for the dog Treasure and 85 days for the dog Jack; 
the second Interruption was 135 days for both animals. Testing the effect of the conditioned stimulus after such 
interruptions showed that this stimulus caused the same changes in heart activity as before the experiments were 
interrupted. We must mention that the experimental set-up had a most marked effect on heart activity in these 
experiments. Noticeable changes in the animals’ electrocardiograms made after the interruption were observed 
after the influence of the former experimental conditions alone, without the use of the positive conditioned 
stimulus. Consequently, the whole complex of the experimental conditions served as a conditioned stimulus to 
the animals, as well as the M120, even though reflexes to the surrounding had been eliminated before the work 
was begun, and changes fn the animal heart activity had not been effected by the experimental set-up before 
the interruption of the work. 


Although the fixed conditioned reflexes on the heart remained for several months after the dog’s removal 
from the work, their active elimination was quickly accomplished. We found that it sufficed to place the animal 
a few times in the conditions of the earlier experiments and use the conditioned stimulus without reinforcement. 
In order to eliminate the proprioceptive conditioned reflexes, we put the animals on a bench for 15-20 minutes 
in the same room where the conditioned refiexes had been formed, and, once a day, used M120 without the rein- 
forcement of the statio load. After this had been repeated 3-4 times, the heart activity of the dog Jack returned 
to the original level under these conditions (see Fig. 1). The conditioned reflex was eliminated just as quickly 
in the other dogs. 


The extinguished proprioceptive conditioned reflexes on the heart could be restored in the dogs after 1-2 
combinations of the conditioned and unconditioned stimulf. 


® See Sapov, I. A., Byull. Eksptl. Biol. 1 Med., 1957, Vol. 43, No. 1, p. 14, 
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An Inhibitory conditioned reflex was formed in the animals after 1-4 uses of the differentiation stimulus, 
The first use of M60 on the dog Treasure retarded the rate cf heart activity and prolonged the electric systole 
of the heart, as shown by the expansion of the complex QRS. 


Figure 3 shows the changes in the rhythm of heart activity caused by the action of the positive and nega- 
tive conditioned stimullf. 


The second use of M60 (in the following experiment) caused no change in the animal's heart activity. 
Later, in all of the experiments, M60, used once, appeared firmly fixed as a differentiation. The third group 
of graphs (Fig. 3) shows the changes In heart activity occurring after many uses of the stimull, 


These then were the results of some of the ex- 
periments conducted in order to examine certain proper- 
ties of proprioceptive conditioned reflexes on the heart. 
They indicate the importance of influences from the 
proprioceptors in the adaptation of the heart activity to 
the ever changing conditions of natural existence and, 
possibly, the leading role played by proprioceptive in- 
fluences in the regulation of heart activity. 


150 


130 


Proprioceptive conditioned reflexes on the heart 


are quickly formed; the effect of the unconditioned 
stimulus fs completely reproduced by the conditioned 
stimulus; these reflexes persist for a long time after the 
removal of the animal from the experimental surround- 
ings, but ean be quickly eliminated as well as quickly 
restored; a differentiation is formed after several uses 
of a nonreinforced stimulus ~ all these are properties of 
natural conditioned reflexes, The animal encounters 
daily many stimuli which {invariably cause motor re- 
actions, which, in turn, specify changes In the activity 
of the heart. A great many natural conditioned reflexes 
can be formed on the dasis of unconditioned propriocep- 
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Number of heart contractions per minute 


9 


tive reflex effects on the heart. By the formatica of 
Fig. 3. Differentiation formation in the dog Trea- one or two artificial proprioceptive reflexes, we add 
sure. but Little to the great quantity of natural proprioceptive 
I) background; If during the stimulus action; I) conditioned reflexes. However, by this method, one 
_ after the stimulus action. 1) positive conditioned can determine certain of their character{stics and, there- 
stimulus (M120); 2) negative stiniwlus (M60). a) fore, begin to understand the remarkably varied changes 


after one combination of M120 with the static load —in heart activity which are observed both with the in- 
during the restoration of the conditioned reflex, the fluence of stimuli directly causing a motor reaction 


first use of M60; b) after 6 combinations of M120, and with the action on the body of all the environmen- 
the second use of M60; c) after 69 combinations of tal conditions under which the action of the st{mulf 
M120, the 15th use of M60. occurs or occurred. 


SUMMARY 


Proprioceptive condtioned reflexes on the heart were studied in 5 dogs with the aid of electrocardiogra- 
phy. These reflexes are formed after 6-10 combinations of conditioned and unconditioned stimulations and 
are preserved for a long time in the intervals between experiments. Their frequency is actively increased, if 
not reinforced, 3-4 times and are restored after 1-2 combinations. 


Differentiation takes place after 1-4 stimulations. These properties show the leading role of proprio- 
- ceptive conditioned reflexes in adaptation of the heart activity to the changing conditions of the body. 
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ON THE COORDINATED CHANGES IN THE BLOOD SUPPLY OF THE BRAIN 
AND EXTREMITY WHICH OCCUR DURING THE PROCESS OF FALLING ASLEEP 


M. A. Ukolova and Yu. N. Bordyushkoy 
From the Rostov-on-Don State Medical Institute 


(Received February 15, 1957. Presented by V. V. Parin, Active Member of the AMS USSR) 


Research on the circulation of such organs as the muscles and digestive glands shows that their blood sup- 
ply clearly relates to their condition of activity. 


The problem concerning the changes in the cerebral blood supply which are associated with the various 
degrees of brain activity is more complicated, . 


There are observations that, when the brain {s active, its blood supply usually increases, for example, 
under the Influence of light, sound or other stimuli (4). Information on the blood supply of the brain during 
sleep is extremely contradictory. Along with data to the effeci that both narcotic and natural sleep are attended 
by contraction of the cerebral vessels [11,14], there are also observations that the cerebral vessels dilate during 
sleep [6,18]. These diametrically opposed opinions can be explained by the fact the observations were done at 
different periods of sleep, on different subjects and, finally, with different methods, 


Most of these methods — studying the circulation in the circle of Willis, plethysinography of the brain, 
observing the surface vessels of the brain through a trephined window — are meant for use in skort experiments, 
and, therefore, the experimental study of this problem is difficult, until recently being limited to observations 
on people with a cranial defect (5). 


EXPERIMENTAL METHODS 


We had studied the changes occurring in the blood supply of the brain during natural sleep in a long-term 
experiment on a dog [12] by means of a plethysrnographic method developed in our laboratory [1]. 


We fastened a special plug In a trephined window of the cranlum with a branch tube for connection with 
a Marey’s capsule, In a series of experiments, two plugs were simultaneously connected with the recording 
system and were placed diagonally at opposite poles of the cranium to allow for mutual compensation of the 
intracranial pressure with certain movements of the animai’s head, 


Since there is a close connection between the cerebral and the peripheral blood supply [3, 4, 18], we 
recorded a pleihysmogram of an extremity at the same time, for which purpose we used a simple air plethysmo- 
graph, similar in form to the recently proposed water plethysmograph for an extremity [9]. 


The experiments were done on five dogs, Jack, Barbos, Gray, Ryzhik and Kakvas, All the dogs were 
trained to le on a bench, and they easily fell asleep and after the removal of external stimulations, 
EXPERIMENTAL RESULTS 


The process of falling asleep was clearly shown by the kymogram (Fig. 1) In all of the experiments; the 
level of the brain plethysmogram rose, and the amplitude of the pulsations increased, while the level of the 
extremity plethysmogram, on the oiher hand, fell, The curve, moreover, became wavy, That these changes 
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were not connected with the movements of the dog Is shown by the fact that the rod regimering the movements 
of the head and extremity drew a horizontal Une (Fig. 1) 

A similar picture waa observed in all of the experimental animals during medicamental sleep as well as 
natural sleep, The advent of morphine sleep was characterized by the same typical discrepancy between the © 
cerebral and pheriphberal plethyumograms and by an increase in thelr oscillation. However, thess changes were 
temporary when effected by morphine, and were orly observed at the begtaning of the narcotic’s action. hh. 
natural sleep, the : occurred regularly each time the dog fell asleep after being repeatedly awakened, 

The fact shown In these experiments that, simultaneously, the flow of blood to the brain is intensified 
while the peripheral blood supply is reduced can therefore be considered characteristic tc the process of transi- 
tion from the stare of being awake to that of sleep, 


Fiz. 1. Coordinated changes in the blood supply of the brain and errre- 
mity during the process of falling asleep (in the dog Jack). 

Curves from top to bottom show: respiratory movemenw, plethysmogram 
of brain, plethysmogram of extremity, movements of head, movements 

of extremity, indication of time (in 2 second marks), 

In order to investigate the feasibility of such au *antagon'sic® effect cn the vessels of the brain and 
extremity fom the standpoint of the vasomotor center, we conducted short experimeats on dogs, stimulating 
the floor of the fourth ventricle at the places corresponding to the situation of the vasomotor center mechanisms 
(10}. We found thar by stimulating certain portions of the floor of the fourth ventricle, one could reduce the 
blood supply of the extremity, while increasing the blood supply of the brain. Since the medulla oblongata 
was exposed when the cranium was opened, the conditions for plethysmography had sharply deteriorated. We 
therefore recerded the pressure in the circle of Willis tn these experiments in order to determine the blood 
supply cf che brain. The curve (Fig. 2) shows that the blood mpply of the brain increased (rise of pressure in 
the circle of Willis), while the blood supply of the extremity decreased; arterial pressure in the animal changed 
slightly at the same time.- Thif suggests the presence of a central nervous mechanism which redistributes the 
bloce between the vesvels of the brain and extremity in the way observed in our experimental dogs as they fell 
asleen, 

The works of many author# have shown the great dependency of the cerebral blood supply on the concen: 
tration of carbon dioxide [13, 16, 17 and others]. The inhalation of alr with a 10% content of carbon dioxide 


doubles the cerebral blood supply, while hyperventilation can reduce by half the natural flow of blood through 
the brain [15]. ; 


Thess and numer-us other works concerning the dilatstion of the cerebral vessels under the influence of 
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carbon dioxide are particularly tmportant in the light 

of the data obtained by A. A. Kedrov and A. L Nau- 

menko [5) and their notion that carbon dioxide is phys 
lologically important to the regulation of the tonicity 
of the cerebral vessels, 


According to A, A. Kedrov and A. L Naumenko, 
“the Intracranial neurovascular apparatus possesses & 
special resctivity to a surplus of carbon dioxide.” At the 
same time, the amount of carbon dioxide in both the 
aiveolar alr and the blood {s known to increase during 
the process of falling asleep. 


This suggests that carbon dioxide activates the 
mechanism which, as we observed, increases the cere- 
bral blood supply while the animal 1s falling asleep 
when the excitability of the brain stem is reduced 


(8, 12}. 


| Bm We conducted special experiments to test this 
on effect of carbon dioxide. The head of a dog was en- 
oP manta closed in a transparent case made of thin plastic, Ale 
containing 4-5% carbon dioxide was fed into the case 
sail from a 100-Liter Douglas bag. The percent of carbon 
dioxide was controlled by a Golden gasmetric ana- 
lyzer. The plethysmmograms of the brain and extremity 
| recorded while the animal was in a tranquil state and 
under conditions of a surplus of carbon dioxide showed 
changes in the blood supply similar to those observed 
Fig. 2, Coordinated changes in the blood supply during the process of falling asleep. That carbon di- 
of the brain and extremity with sthuulation of oxide participates in the *sleep® redistribution of the 
the floor of the fourth ventricle in a short ex- blood {s further ndicated by the fact that respiratory 
periment on a dog. The arrow shows the moment anges (see Fig. 1) occurred almost simultaneously 
of stimulation with an induced current (distance with the coordinated changes in the blood supply of 
of 230 mm between the induction coils). the brain and extremity observed during the develop- 
Curves from top to bottom show: respiratory move- ment of natural sleep, 
ments, blood pressure in circle of Willis, plethy- 
smogram of extremity, blood pressure in carotid SUMMARY 
artery. 
Long experiments were performed on 5 dogs, 
Changes in the blood spply of the brain and extremity during natural sleep and that induced by morphine were re- 
corded by plethysmography. Coordinated changes were found in the blood supply of the brain and the extremity 
in the process of falling asleep, f.¢., the blood supply of the train was increased while the blood supply of the 
extremity reduced, It was demonstrated that such redistributioa of the blood depended on the activity of the vaso- 
motor center, Short experiments wers performed on dogs with electric stimulation of the vasomotor center 
in the area of the fourth ventricle. Coordinated changes in the blood supply of the brain (increased pressure in 
the circle of Willis) and in the extremity (decrease of the plethysmogram) were recorded. Besides, data were 
obtained that the nervous mechanism of redistribution of the blood during sleep is - influenced by carbon 
dloxide. In tong experiments on dogs which were kept in the atmosphere, containing 4- 5% of carbon dioxide, 
the same coordifiated changes ware found in the blood supply of the brain and extremity as during the process 
of falling asleep, 
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DYNAMICS OF BIOLOGICAL NORMS IN MONKEYS 


Yu. P. Butney 


From the Sukhumi! Medicobiological Station (Director: L A. Utkin, 
Candidate Biol. Sci.), AMS USSR 


(Received December 24, 1956, Presented by S. E. Severin, Member AMS USSR) 


It is desirable, for the solution of certain biological and medical problems, to use monkey: as experi- 
mental animals, since their anatomy and physiology are most closely approached to the human, A difficulty 
encountered in experimental work with such material Is that there is a paucity of data concerning the biolo- 
gical norms of different species of monkeys. 


It is generally known that many physiological and biochemical indexes vary according to the emotional 
state of the animal. Because of the extreme lability of nervous processes in monkeys, emotional excitation 
arising during aa experiment may be so intense as to render the data recorded very different from physiological 
norms [1]. 


L A. Utkin and M. L Kuksova [4] have shown that systematic repetition of the procedure of blood sampl- 
ing, day after day, under identical conditions, may lead to a marked fall in leucocyte count, as compared with 
the initial values. These authors consider that the nature of the change in leucocyte count is analogous to the 
extinction of a conditioned reflex. The fall in the leucocyte count observed after repeated sampling is regarded 
as being the result of aninhibitory process in the nerve centers responsible for the control of the composition of 
blood cells, The high leucocyte count observed initially is, in the view of these authors, due to a physiological leucc- 
cytosis, evoked byall the stimulating factors associated with the experimental conditions. 


The present research was undertaken with the object of ascertaining whether similar effects of those en- 
countered in determining leucocyte count are also found for other biological norms 


EXPERIMENTAL METHODS 


The experimental material consisted of adolescent females of the following species; 3 Hamadryad man- 
drills, 2 Macacus rhesus, 3 marmosets, 1 capuchin, 1 gelada, The animals were taken for experiment twice 
weekly, before breakfast, on the sane days and at the same times, and the manipulations were p-tformed by 
the same experimenters, in the same order. The minute pulse rate and respiratory rate were measured, as well 
as the arterial pressure (Korotkov’s method); blood samples were taken from the right median vein, and the rec- 
tal temperature was taken, 


From 10 to 19 examinations were made of each animal. The apes remained in their usual living quarters 
or the days when they were not being examined, 


The blood samples were oxalated (potassium oxalate); sugar was determined in one portion by the Hage- 
dorn-Jensen method, and total cholesterol was determined for 6 apes by M. A. Levchenko's method. 
EXPERIMENTAL RESULTS 


Repeated blood sampling, under {dentical conditions, led in all cases to a fall in the blood sugar content 
(Table 1), and to a definite lowering of the biood cholesterol level (Table 2), 


1051 


= 
od 
: 
| 


TABLE 1 
Changes in Blood Sugar Levels in the Course of Repeated Sampling 


Blood sugar tn 
3. . jmg %(meanvatues) 
Name of ape Species flast 
3.4 5 sHetermin jdetermin. 
Oe ae 
Pion Mandrill 16 60 93 88 
Zher > 17 60 109 98 
Azon » 19 0 107 87 
Artam Rhesus 17 59 82 73 i 
Slepen » 18 66 88 &3 ty 
Beglets Marmoset 17 63 102 87 = 
Bering » 17 59 86 8&3 
Erdzhis » 18 56 107 81 
Klar 10 | 35 109 93 ; 
aro Capuchin 113 108 
Kipr Gelada 10 3 
TABLE 2 
Changes in the Blood Cholesterol Level of Apes During the Course of Repeated Sampling * 
Whole blood cholest., mg % P 
= 
Name of ape % observ. per. mean of mean of i. 
y determinjday 
Zher 1 157 102 134 
Azon 10 154 & 133 
Artam i 189 135 167 
Slepen 10 212 152 201 
il 173 122 152 
Frd ots 10 183 92 142 


Table 3 presents analogous data for arterial pressure. In 9 cases out of 10 there was a definite tendency 
towards lowering of puise pressure, due either to lowering of maximum, or raising of minimum, pressure, or 


to both factors acting simultaneously. The greatest final changes in pulse pressure were found for the apes Azon, a 
Erdzhis, and Klaro. 


In no case did we observe any significant rise in maximum blood pressure over the period of the observa- 
tions, whereas definite falls in pressure were noted for individual animals, Thus the first readings taken from 


the mandrill Pion would qualify her for inclusicn in the hypertensive group, whereas the last measurements of ; 
blood pressure, ptilse rate, and respiratory rate fell within the normal range established by G. O. Magakyan [3]. = 
A fall in pulse rate was observed after repeating the procedure under standard conditions in 7 apes, wp 


No upward or downward tendencies were observed for the respiratory rate and the body temperature. 


We conclude from our results that many physiological and biochemical indexes measured fn the early 


stages of the observation period reflect the effects of all the stimuli associated with the experimental set-up, = 
which give rise to pronounced orientational and defensive reflexes, The changes found in these indexes as the a 
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TABLE 3 
Changes In Blood Pressure of Apes During the Course of Repeated Measurements 


Mean values blood pressyre 


of first 5 measure. of last 5 measure, 


Name of ape 


maxi- | mini- |pulse | maxi 4mint- [pulse 
mum mum mum |mun. 


No. measurements 


Duration observ. 
per, (days) 


Pion 
Zher 
Azon 
Artam 
Slepen 
Beglets 

165 


Bering 

Erdzhis 
Klaro 15 
Kipr 172 


157 
129 
162 
157 
179 
149 


measurements were repeated may be ascribed to extinction of the emotional reactions caused by the experi- 
mental conditions. 


It is possible that the Indexes which did not undergo any marked changes during the observation period 
(body temperature, respiratory rate) are subject to different regulatory mechanisms, in view of thelr different 
physiological significance. This question requires further study. The possibility ts not excluded that a more 
prolonged extinction period would have given more pronounced and uniform shifts of the values of all the 
indexes in all the experimental animals, 


Although the experimental animals belonged to various genera and species, and although they were studied 
in two groups, at different se2sons of the year, the systematic repetition of the measurements under standardized 
conditions gave identical shifts of a number of indexes, Our findings for the changes in leucocyte count a peri- 
pheral blood confirm those of L A. Utkin and M. L Kuksova [4]. 


SUMMARY 


Various species and genera of monkeys were systematically examined In standard conditions, These 
repeated investigations were conducted for several weeks In succession. It was found that concentration of sugar 
and total cholesterin was decreased in the venous blood, These changes should be considered to be the result 
of decline of emotional shifts which were caused by experimental performance, 
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PATHOLOGICAL PHYSIOLOGY AND GENERAL PATHOLOGY 


THE USE OF OXYGENATED BLOOD IN EXPERIMENTAL RESUSCITATION 


L. G. Shikunova 


Laboratory of Experimental Physiology of Resuscitation (Head — Professor V. A. Negovsky), 
AMS USSR, Moscow 


(Recelved February 25, 1957. Presented by Active Member S. E. Severin, AMS USSR) 


There are references in the Mterature to the desirability of saturating with oxygen blood that {fs to be fed 
intra- arterially in order to restore the function of individual organs or the organism as a whole [i, 2, 8, 14). 
It is known that when blood Is administered intra- arterially it by-passes the lesser circulation and passes directly 
into the blood vessels of vitally important organs which are particularly scnsitive to hypoxia, whereas on being 
administered intravenously the blood passes through the lungs where it {fs saturated with oxygen prior to enter- 


ally has acquired considerable importance. In the practice of blood transfusion two methods of blood oxygena- 
tion are known and have been applied: bubbling of pure oxygen through the blood and additiun to. it of 3%0r 30% 
solution of hydrogen peroxide, A number of authors [1, 2, 3, 4, 9, 11] saturated blood to be used intra-arteri- 
ally with oxygen by adding 0.5-1.0 ml 3% or 30% solution of hydrogen peroxide and observed favorable results, 
However, in recent years, greater and greater attention has been directed to oxygenation of blood to be given 
intra-arterially by passing through it pure oxygen under pressure £6, 7, 10, 12, 13, 15). Special apparatuses are 

in use for this purpose in which oxygenation of the blood takes place both before and during Its administration. 

It must be noted that these reports are based on small numbers of observations, and tne questicns concerning 

the most effective means of oxygenating blood as well as of the effect of oxygen-saturated blood on the restora- 
tion of vital functions of the organism remained insufficiently clarified. It appeared interesting in this connec- 
tion to discover the relative effectiveness of combined methods of resuscitation with intra-arterial administra- 
tion of nonoxygenated or oxygenated (by various methods) blood as regards the process of restoration of the 

vital functions of animals following clinical death produced by exsanguination. 


EXPERIMENTAL METHODS 


Forty experiments were performed on dogs. Following a preliminary subcutaneous injection of 2% solu- 
tlon of pantopon (8 mg per 1 kg body weight) the femoral vessels were dissected bilaterally under ether anes- 
thesia. The left femoral artery was connected by a system of rubbez tubes to a mercury manometer for re- 
cording of arterial blood pressure. Respiration was recorded by means of a cuff placed round che animal's thorax 
and connected to Marey’s tambour. Arterial pressure and respiration wer recorded on a kymograph, Exsanguina- 
tion by way of the right femoral artery was performed after preliminary administration of heparin. The amount 
of blood drained consituted 62%, on the average, of the total volume of blood if {it is taken that the total amount 
of biood equals 9.2% of the total body weight. Restoration of vital functions began 5-7 minutes after onset of 
clinical death. {he technique has been developed by Professor ¥V. A, Negovsky and his collaborators. The 
method consists essentially of centripetal feeding of blood into the artery and simultaneous application of arti- 
ficial respiration by means of apparatus which blows air into the lungs. Oxygenation of the blood was effected 
in 17 experiments by addition of 2.0 ml 3% solution of hydrogen peroxide per 300-400 ml blood. Hydrogen 
peroxide was placed in the bottom of the flask together with glucose (0.5 g 40% solution per 1 kg body weight), 
the flask was then filled with blood, with shaking. The blood usually acquired a bright color during this pro- 
cedure. In 8 experiments the blood was oxygenated by means of a jet of oxygen from a cylinder, under pressure 
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of 250 mm Hg. At the moment of intral- arter{al introduction the escape of oxygen from the flask was stopped 
and a positive press-re (which could be regulated) of oxygen on blood was created; the blood entered the artery 
under this pressure. Ina number of experlinents the degree of oxygen saturation of arterial blood was deter- 
mined, using the Kipp hemoreflector, at different stages of dying and resuscitation, The same method was used 
to determine the oxygen saturation of the blood drained from the animal before and after oxygenation of this 


blood, 


EXPERIMENTAL RESULTS 


Three series of experiments were carried our. In the first series (17 experiments oxygenation of the blood 
to be administered was effected by the addition of 2,0 ml 3% solution of hydrogen peroxide (freshly prepared) 
per 300-400 ml of blood. This led to an increase in oxygen saturation of blood in the flask from 85-95% to 
90-98% The period of dying in most animais of this series (9 of 17) lasted from 6 minutes 24 seconds to 9 
mismutes 48 seconds, in 5 animals this period was of medium duration — from 10 minutes 10 seconds to 14 min- 

utes 35 seconds — in 2 animals it was prolonged — 21 minutes 28 seconds and 22 minutes 48 seconds. Duration 
of clinical death in the animals In 10 experiments was from 4 minutes 54 seconds to 5 minutes 10 seconds and 
in 7 experiments — from 7 to 8 minutes, 


Cardiac activity was restored In most experiments (6 of 10) afrer 5 minutes of clinical death 20-27 seconds 
following the beginning of remscitation, in 3 experiments following 32-35 seconds and in one experiment (Ex- 
periment 1) following 12 seconds, In the majority of experiments (5 out of 7) cardiac activity was restored 
after 39-34 seconds in animals which had sustained clinical death lasting 7 minutes, and 2 experiments it was 

restored 42 and 54 seconds after beginning resuscitation. 


Restoration of res, ‘zation in animals which had sustained clin‘cal death lasting 5 minutes occurred after 
1 minute 36 seconds — 2 ininutes 56 seconds from the beginning of resuscitation. Experiments 6 and 7 were ex- 
ceptional {n that the period of dying was prolonged (14 minutes 35 seconds and 22 minutes 48 seconds) and re- 
spiration in these animals was restored after 4 minutes 33 seconds and 7 minutes from the beginning of resuscita- 
tion. Restoration of comeal reflexes in most animals after 5 minutes of clinical death occurred after 10 minutes 
49 seconds — 16 minutes, in 2 experiments after 7 minutes 24 seconds and 7 minutes 20 seconds and In one ex- 
periment in which restoration of respiration was delayed the corneal reflexes appeared 20 minutes 12 seconds 


after the beginning of resuscitation. 


Spontaneous respiration {n animals which had sustained clinical death lasting 7 minutes was resumed 1 
minutes 42 seconds — 4 minutes 54 seconds from the beginning of resuscitation. In one experiment the animal’s 
respiration was restored after 6 minutes 40 seconds; this was connected with hyperventilation and damage of 
pulmonary tissue during artificial respiration. The comeal reflexes In most animals appeared 15 minutes 6 
seconds — 23 minutes 36 seconds, in 2 experiments 10 minutes 12 seconds and % minutes 6 seconds after the 


beginning of resuscitation. 


Restoration of central nervous system function occurred In 8 out of 10 animatssubjected to clinical death 
lasting 5 minutes. Complete restoration of vital functions in most of the animals in this group occurred 36-60 
hours after the experiment. Complete recovery of the animals was Judged only by thelr outward behavior. No 
conditionec reflex studies of higher nervous activity were carried out, Of the 7 animals subjected to 71-minute 
clinical death 2 died soon after the experiment while 5 survived; in 4 of these central nervous system function 
recovered but in one the recovery was partial, since neither vison nor hearing was restored, 


In the second serles (8 experiments) oxygenation of the blood to be administered int-a- arterially was ef- 
fected by passing through {t a jet of oxygen from a cylinder under pressure (250 mm Hg) at the rats of 600 mi/mb 
Cxygenation of the blood was started 10-15 minutes before resuscitation, the oxygen saturation of the blood ris- 
ing during this period from 82-94 to 96-97% The blocd was fed into the artery under the pressure of oxygen. 
The period of dying in this serles varied from 8 minutes 10 seconds to 16 minutes 52 seconds, Clinical death 
lasted 5 minutés 21 seconds and 5 minutes 3 seconds in 2 experiments and from 7 to 7 minutes 5 seconds in the 
remaining 6 experiments, Cardiac activity was restored in most of the animals in this series 45 seconds — 4 miin- 
ute 15 seconds and in one animal 35 seconds after the beginning of resuscitation, During the recovery 
of cardiac activityone animal developed fibrillation which was abolished by a condenser discharge, the 
cardiac activity being again restored 3 minutes 55 seconds from the beginning of resuscitation. The some- 
what later restoration of cardiac activity in these experiments as compared with those of the previous 
series may be explained by the fact that the pressure necessary for administering the blood from the 
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flask developed over a period of 40~50 seconds and during the initial stage of resuscitation the blood entered 
the artery under insufficient pressure. As has been shown by the work carried out tn the laboratory (V. A. Nego- 
ysky, E. M. Smirenskaya) it is impossible to create the necessary level of circulation in the ccronary vessels 
supplying the heart muscle when the pressure ts insufficient. 


Respiration was restored in 4 animals after 3 minutes 15 seconds — 4 minutes 18 seconds from the begin- 
ning of resuscitation, In 3 animals respirations appeared after 6 minutes 2 seconds — 6 minutes 35 seconds and 
in one animal after 2 minutes 20 seconds, Comeal reflexes were restored in the majority of animais 13 min- 
utes Sseconds — 16 minutes 45 seconds after the beginning of resuscitation, in 2 animals — after 18 minutes 35 
seconds and 20 minutes 5 seconds. Subsequently, of the 8 mimals tn this series 7 survived and one died 24 
hours after the experiment; complete recovery of functions occurred fn 6 dogs, in 4 of these after 2-3 days, in 
2 after 5 and 10 days following the experiment. Only partial recovery of central nervous system function took 
place in one animal: hearing and vision were not restored 2 weeks after the experiment. 


The third series consisted ef 15 control experiments in which rosoxygenated Mood was used. In 10 ex- 
periments the d:cation of clinical death ranged from 4 minutes 54 seconds to 5 minutes 10 seconds, the period 
of dying lasting fom 8 minutes 5 seconds to 17 minutes 55 seconds; in 5 experiinents clinical death lasted 6 


minutes 59 seconds — 7 minutes 9 seconds and the pericd of dying ranged from 6 minutes 6 seconds to 12 min- 
utes 6 seconds. The amount of blood loss varied from 51 to 81% of the total amount of blood. 


Cardiac activity in the animals whose clinical death lasted 5 minutes was restored after 27-42 seconds, 
Only in one experiment it was restored 1 minute 12 sconds from the beginning of resuscitation. Animals 
which had sustained 7- minute clinical death showed restoration of cardiac activity after 38-55 seconds, Res- 
piration in the former group of animals was restored after 2 minutes 35 seconds — 3 minutes 50 seconds and in 
two animals afer 7 minutes 16 seconds and 5 minutes M seconds from the beginning of resuscitation. In the 
case of the latter group, respiration was restored after 3 minutes 4 seconds— 8 minutes 30 seconds from the 
beginning of resuscitation, Comeal reflexes in animals whose clinical death lasted 5 minutes appeared after 
12 minutes 20 seconds - 21 minutes 10 seconds and tn one animal after 8 minutes 20 seconds, Of the 10 ani- 
mals which sustained 5-minute clinical death 6 survived; of the 5 animals subjected to 7-minute clinical death 
one survived, but its vision failed to recover. The remaining animals died in the course of the first rwenty- four 
hours after the experiment. 


It is well known that the time of restoration of 
cardiac activity, respiration and comeal reflexes are of 
ra ra great significance in the process of animal resuscitation. 
After 5-minute clinical death But the most important indication of the effectiveness 


of combined methods of resuswitation with intra-arterial 
Ce) Cs) aiministracion of oxygenated or nonoxygenated blood is 
the restoration of C.N.S. function in the animal. Com- 
parison of experimental results by stages of resuscitation 


reveals that animals resuscitated after 5 and 71-minute 
After 7-minute clinical death clinical death by intra-arterial administration of oxy- 
genated blood show a tendency to accelerated restoration 


SCARS of cardiac activity, respiration and comeal reflexes. Thus, 
See 9 out of 17 animals in the first series showed definite ac- 
} celeration of recovery of caniiac activity as compared 
with control animals which sustained analogous periods 


= pom po a of dying and clinical death, In 7 animals of the first 
CNS. function not restored series more rapid restoration of respiration and, in a num- 
der of experiments, of comeal reflexes were observed. 
Combined method of resuscitation of animals. The advantage of using oxygenated blood is however, 
1) Use of blood oxygenated by addition of 3% most vividly demonstrated by a comparison of the results 
hydrogen peroxide solution; I) use of blood obtained fn the ist and 2nd series with those of the con- 
oxygenated by passage of a Jet of oxygen under trol experiments. As can be wen from the figure, the 
pressure; II) use of nonoxygenated blood. most favorable results were odtained in the first and sec- 
om series of experiments, in which oxygenated blood 
was used, Of 12 animals which sustained 5- minute 
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clinical death and were resuscitated by oxygenated blood, C.N.S. function was restored in 10 dogs, whereas 

of 10 control animals with analogous periods of dying and of clinical death complete recovery of function only 
occurred in 6 dogs. Of 13 animals which sustained 71-minute clinical death and were resuscitated by Intra- 
arterial administration of oxygenated blood 10 survived, 8 with recovery of C.N.S. function, while of 5 control 
animals partial restoration of function was noted in only one dog. It must be mentioned that in the experiments 
of the second series complete restoration of vital functions occurred in the majority of animals (6 out of 8), 
despite delayed restoration of cardiac activity, and in some experiments of respiration as well, as the result of 
faulty technique. 


The mechanism of the favorable effect of oxygenated blood on restoration of vital functions revealed in 
these experiments {s not yet sufficiently clear. Although {t may seem that the difference inthe degree of oxy- 
gen saturation of the blood before and after its oxygenation Is relatively small, in practice it exerted a definite 
effect on the physiologic results of the experiments. Apparently, the additional oxygenation of the blood, even 
though it did not result in a great difference in the level of saturation, exerted a significant effect on the in- 
crease of partial pressure of gaseous oxygen in the blood entering the artery. This would assist a somewhat more 
vigorous course of oxidative processes in the tissues which undoubtedly constitutes a positive factor in the course 
of subsequent restoration of the animal's vital functions, It must be pointed out that the favorable effect of 
increasing the partial pressure of oxygen on the restoration of cardiac activity has also been noted by V. S. 
Shapot and G. M. Pruss [5] and by some other authors, 


The present experiments have thus demonstrated the positive effect produced by oxygenated blood on 
the process of restoration of the organism's vital functions, This allows the hypothesis that clinical use of oxy- 
genated blood for intra- arterial administration may also be beneficial in the treatment of terminal conditions. 


SUMMARY 


The effect of blood (oxygenated by various methods) on the process of recovery of vital functions of the 
organism following clinical death caused by loss of blood was studied, It was established in experiments on 
dogs that the percentage of survival with complete recovery of the vital functions was much greater in animals 
which were treated by oxygonated blood in comparison with those which received ordinary blood. 
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Studying the reflex mechanisms of respiratory disorders in lesions of the lungs and upper respiratory tract, 
we, like many other researchers [7], have often observed the complete conformity of the nose and diaphragm 
respiratory motions in tracheotomized animals, 


We called these respiratory motions of the facial muscles in tracheotomized animals *simulated respira- 
tion” [8], as the phenomenon {fs similar to the “simulated feeding® of esophagotomized animals. "Simulated 
feeding” greatly affects the function of the gastro- intestinal tract, and “simulated respiration" has a similar 
effect on the act of respiration. If the nostrils of a tracheotomized animal are pinched, the animal's breathing 
will become slower, even though there fs nothing to hinder the intake of alr through the trachea, We named 
this phenomenon “simulated asphyxia." Klod Bernar (1] has already shown that constriction of the larynx causes 
similar respiratory changes, 


From these observations, it follows that the inhibition of respiration up to prolonged pauses which occurs 
from the very first moments of mechanical asphyxia is actually of reflex origin. 


In the experiments described above, we noticed the following fact. When simulated asphyxia was caused 
by pinching the laryx of a tracheotomized animal, he respiratory motions of the nose and thorax muscles dif- 
fered considerably as to force, although they became equally retarded. The amplitude of the thorax motions 
remained about the same or even decreased, while the motions of the nose involved the greatest possible ex- 
ertion of the muscles, 


The difference in the reactions of the different groups of respiratory muscles in the phenomenon mention- 
ed {s important to the study of the reflex mechanisms of true asphyxia, and therefore these observations were 
made the subject of special investigations. We used the electromyograpiical method for this purpose, as by 
that method one can record the activity of separate muscle groups, 


In this work, we made comparative studies of the electric activity of two respiratory muscle groups — the 
muscles of the alae nasi and the main respiratory muscle of the diaphragm which principally determines the 
volume of respiratory movements, 
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EXPERIMENTAL METHODS 


The experiments were done on 14 rabbits weighing 2-3 kg each. The animals were fixed on their backs 
and not anesthetized. We recorded the respiratory mevements of the nose and diaphragm with an amplifier 
and with a Scleife oscillograph manufactured in the precision tool shop of the Lensovict Leningrad Technolo- 
gical Institute. The usual amplification was used, witn which the calibration impulse amplitude was 10 mm 
with a voltage of 1 mv. 


Electrodes from a thin, steel needie covered with an invlating layer of shellac (except for the last 6-8 
mm at the tip of the needle) were Inserted into the muscular part of the diaphragm through the abdominal of 
thoracic wall {from the right) at least 1 cm apart. The entry of the needle was controlled according to the 
appearance of rhythmic group discharges, synchronized to the fluctuations of a pneumograph (the fluctuations 
of a ray from a small mirror attached to a Marcy*s capsule were recorded at the same time as the blocurrents 
of the respiratory muscles), The electrodes were fixed by “piercing” the diaphragm, I.e., by pricking it re- 
peatedly near the place where the needle was Inserted, 


The nose or larynx was constricted with pincers wrapped in cotton or by the experimenter's hand in a 
rubber glove (the latter method was sufficiently effective and less aumatic) until the walls of the nostril or 
larynx were pressed together. In most of the experiments with nose constriction, a definite reaction could be 
obtained by pinching only one nostril, This enabled us to use the other nostril to record eiectromyograms of 
the nose muscles, A second pair of needles was inserted into the nose muscles, into the upper and lower portions 
of the right nostril — the sections expanding most with inhalation (the largest muscles are the m. levator alae 
nasi and the orbicularis oris). 


EXPERIMENTAL RESULTS 


The electric activity of the nose muscles with calm respiration was characterized by continuous impul- 
sation, the rate of the predominani shytim being about 150-200 impulses per second, according to the main- 
tenance of constant tonicity of the open nostrils, The average discharge amplitude ranged from 0.3-0.5 to 
2 my, increasing with inhalation. 


There was a greater increase in the discharge amplitude of the diaphragm during inhalation, although 
continuous activity is maintained between inspirations in the rabbit (13, 15, 16, 18, 20). 


In truc asphyxia, the electric activity of the alar nose muscles and the diaphragm muscles fs considerably 
intensified. As soon as the reflexogenic zone of the upper respiratory tract Is contacted, ordinarily, a discharge 
of high- amplitude impulses arfses in the muscles of both the nose and diaphragm. This reaction lasts $-1 sec- 
ond and is nonspecific, since it is also observed with pressure on any other part of the animal's body. Typical 
respiration retardation occurs immediately after it, and the amplitude cf the nose muscle action currents with 
inspiration increases sharply (to 4.5-5 mv, sometimes more), There are more sharply defined pauses with ex- 
piration, sometimes a complete cessation of activity. Then the same type of high- amplitude discharges also 
appear with expiration, corresponding to the expiratory efforts of the alar nose muscles, 


In mechanical asphyxia, the changes in the electric activity of the diaphragm (as already described by 
Dittler [13], Wachholder, McKinley (20], Gesell (14) and others) completely correspond to the changes in the 
electric activity of the nose muscles (Fig. 1). 


The same conformity has been observed in the case where asphyxia is caused by closing the opening of 
the tracheal tube, Le., with direct stimulation of the upper respiratory tract reflexogenic zone excluded. The 


electric activity of the diaphragm does not change immediately, but gradually, over a period of 3-5 seconds, [14] 


as does the electric activity of the nose muscles, 


With simulated asphyxia, the electric activity of the diaphragm and nose muscles differed from that ob- 
served with true asphyxia, Although the impulsation from the alae nas{ retained signs typical of true asphyxta 
(sharp increase in amplitude — up io 5 mv— more definite intervals between Inspiration and exspiration dis- 
charges), the impulsation from the diaphragm was completely different. 


The Inspiration discharges of the diaphragm, maintaining their gradually increasing character, became 
longer and longer and slower and slower; their amplitude usually remained about the same, increasing not more 
than 1}-2 times if at all, never even approaching the sharp increase in amplitude characteristic of the nose 
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Fig. 1, Electromyograms of the respiratory muscles in true asphyxia, 

Curves from top to bottom show: action currents of nose muscles, action currents 
of diaphragm, indicatior. of time (in one second marks); a) original background; 
b) two seconds after constriction of the larynx — retarded respiration, simultaneous 
increase in discharge amplitudes of diaphragm and nose muscles, 


muscles, We 41s noted that the amplinide changes with inspiration and expiration were less distinct (Fig. 2), 
again In contrast to the nose muscles, 

Now why did the action currents of the nose increase in anyone with simulated asphyxia, while those 
of the diactragm did not? It would seem that impulsation from the respiratory center, changing due to the 
effect of extracrdinary afferent stimulation from the constricted larynx or nose, would affect the constrictions 


of both the diaphragm facial muscles equally. 


Fig. 2. Electromyograms of respiratory muscles in simulated asphyxia caused by clos- 

ing one nostr.l of a racheotomized animal 

Curves from top to bottom show: action currents of nose muscles, action currents of 

Ciaphtragm muscles, pneumogram, indication of stimulation (closing nostril), indica- 

tion of time (in 1 second marks), Respiration retarded as in cue asphyxia, but chara- 
cter.of changes {n discharge amplitude is different — action current discharges of nose 
mouscles are greater, those of the diaphragm muscles— smaller. 


The mechanism of this phenomenon seems to be associated with peculfarities in the nervous regulation 
of the eeeney muscles, The impulses from the respiration center, before reaching “ne diaphragm and nose 
muscles, exter their motoneurons, especially the nuclei of the facial nerve (in the brain stem) and the nuclei 
of the phrenic nerve in the cervical part of the spinal cord (Cy). 
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phragm undergo sharp afferentation disturbances; In the first, this 1s due to the direct stirmulation of the upper 
respiratory tract receptors caused by pressure on them, In the second, to the heightening of intrapulmonie pres- 
sure, This last factor Is lacking In simulated asphyxia since, in tracheotomized animals, the lungs have free 
access to the outside alr through the opening In the trachea, 


33 The reaction of these motoncurons to impulses from the respiration center depends on their excitability, 
Pats q which is regulated by afferent Influences from the periphery, These latter are different in true and sirmilated 
esphyxia, 
3 L In true asphyxia, both the motoneurons of the upper respiratory tract muscles and motoneurons of the dia- 


As arcsult, the excitability of the phrenic nerve center !s lower than that of the facial nerve center, which 
causes the Impulsation trom the respiration center to be manifested especially strongly in the nose muscles, and 
sometimes earlier than in the diaphragm. 


Therefore, {It follows that in true asphyxia, the Intensified operation of the diaphragm is largely caused 
by the heightened excitability of its spinal center which, in tum, depends on the local, peripheral influences 
caused by extraordinary linpulsation from the pleura, lungs and actual diaphragm. 


The excitability of the respiratory muscle montoncurons can be raised by the Influence of impulsation 
from the braJn stem centers regulating muscular tonicity, as well as from the periphery due to tmpulsation from 
the receptors of the respiratory tract. In this way, serious respiratory disturbances, associated with a sharp in- 
crease In musculartonicity, are known to occur both clinically (2, 9] and experimentally (3, 4, 10, 11, 12, 17] 
in decercbrate rigidity. These disturbances are especially pronounced during attacks of raised muscular tonicity 
[8]. Mislavsky [5] has already shown that thes disturbances depend on disturbed montoneuron excitability, and 
not on disturbances in the function of the respiration center in the medulla oblongata. It has recently been es- 
tablished that these respiratory disorders disappear when the stem {s transected at the level of the VIII pair of 
cranial nerves (below Deiter's nucleus), f.e., after a transection which also removes the phenomenon of decere- 
brate rigidity (10, 12, 19]. 


Therefore, both our experiments and the literature data show that, when analyzing respiratory disturbances, 
one must consider the condition of the peripheral neurons as well as that of the respiration center, The qualita- 
tive and quantitative charscieristics of the respiration type in various pathological processes can evidently de- 
pend on the excitability of these motoneurons. 


SUMMARY 


Electric activity of the muscles of the nose and of the diaphragm was Investigated in rabbits. It was re- 
vealed that the amplitudes of actfon currents of these muscles grow simultancously in true asphyxia, In *simula- 
ted asphyxia,” f.c., In disturbances of respiration caused by obstruction of nostrils or trachea In tracheotomized 
animals, the electric activity of the diaphragra {s changed much less than in that of nose muscles, Analysis of 
this phenomenon suggests that the character of the movements of respiratory muscles is determined not only by 

the character of tmpulses from the respiratory center, but also by the change in excitability of peripheral motoneurons. 
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SHORTENING OF REFLEX APNEA WITH EXPERIMENTALLY INDUCED 
HEART DEFECT 
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Earlier conducted inveatigations have shown that changes in the functional condition of the centers regulat- 
ing cardiac activity develop during compensated experimental aortic stenosis in rabbits. These changes are 
essential to the maintenance of continuous, compensating cardiac hyperfunction (1) as they are expressed by an 
increase in the reflexes intensifying cardiac activity, which are realized through sympathetic innervation, and 
by a decrease to 1/4-1/5of the original level of the vagus reflexes inhibiting cardiac activity. Taking inte account 
the close intercommunication of the circulation and respiration functions and especially the data indicating the 
reflex effect on the respiration center from the cardiac and vascular interoceptors (2, 3, 4, 5, 6, 8), one can pro- 
pose that changes develop in the nervous regulation of respiration as well as in cardiae activity in experimen- 
tally induced heart defect. To prove this proposition, in this work we studied the effect of experimental aortic 
stenosis on respiration and on the development of unconditioned reflex apnea in animals. 


EXPERIMENTAL METHODS 


The experiments were done on 16 male rabbits weighing 2-2.5 kg. Aortic stcnosis was induced by an 
earlier described method [1). The characteristic functional, morphological and biochemical changes resulted 
from the constriction of the aortic orifice to 1/ 4-1/6 ofits normal size by means of a lateral ligature. Respiration 
was electromyographically recorded; a cuff attached to a Marey’s capsule was placed on the region of the chest 
and abdomen. The animal was fixed in position, lying on its stomach, Reflex apnea was induced by stimulating 
the upper resplratory tract with ammonia fumes, This was done by blowing air from a balloon through a double- 
necked jar, on the bottom of which was 100 ml of 25% ammonium hydroxide, into the rabbit's nostrils through 

a small tube, 3 mm in diameter. The receptors of the trigeminal nerve were stimulated, and this stimulation 
spread through the wigeminal centers to the respiration center, causing apnea, The duration of the apnea was 
measured in seconds on kymograms, We first conducted comparative experiments, comparing the dwation of 
apnea in normal rabbits with that in 5 animals of the same weight and sex in which a heart defect had been ex- 
perimentally induced one month before. Then dynamic experiments were done on 5 rabbits; the duration of the 
apnea was determined before the heart defect was developed and one month after its development, Three rabbits 
were used as a control; they Were given an operation similar to that which was used to induce the aortic stenosis 
but the ligature on the aorta was not tightened, and therefore did not constrict the lumen. The animals were 
observed every other day; in each experiment, the stimulant was used 4-6 times at inervals of 2-3 minutes, The 
duration of apnea in each animal was determined a total of 110-140 times, 


In part of the experiments recording the respiration during reflex apnea, the changes in oxygen saturation 
of arterial blood were observed by means of a Krebs oxyhemometer, with the photoclement placed on the rabbit's 
ear, The readings of the apparatus were recorded every 5 seconds for 3 minutes before the use of the ammonia 
fumes and for 5 minutes after their use. Oxyhemometry, when used without direct determination of blood hemo- 
globin saturation with oxygen according to Van Slyke, is known to be inadequate to establish the true oxygen 
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content tn the blood. However, it does give a good idea of how this index fluctuates, counting off from a re- 
presentative original level. We used 96% as the original oxygen content of the hemoglobin tn these experiments, 
During reflex apnea, this index decreased to 92-88%, and then gradually returned to normal, 


EXPERIMENTAL RESULTS 


There was considerable variation among the different animals as to how long the apnea lasted, but apnea 
duration was more constant in the same animal, varying by 2-3 s:conds from experiment to experiment. The 
Table gives the average apnea duration in 5 normal animals and in 5 rabbits with a heart defect, computed on a 
basis of 100 determinations per animal. 


Duration of Reflex Apnea 


Rabbit with heart defect Normal rabbits 


No. of animal |Apnea (in sec.) [No- of ani- |Apnea (in sec.) 
mal ' 


The Table shows that the reflex apnea lasted from 15} to 21 seconds in the normal animals and from 7} 
to 12} seconds in the animals with the compensated defect. Therefore, apnea duration in the animals with the 
defect was approximately half as long as in the normal animals, 


A menth after the defect had been developed in 
— all of the animals, dynamic experiments also showed 
| a considerable shortening of the reflex apnea. The 
pneumograms of rabbit No. 6 made before the creation 
of the defect (Fig. 1, a) and 1}: months afterwards (Fig. 
1, b) show that apnea duratinn in this animal was almost 
three times as short in the second pneumogram. In eval- 
uating the fact of reflex apnea shoriening, one should 
remember that the surplus of CO,, which appears during 
the apnea, acts reflexively through the chemoreceptors 
and directly on the nerve cells to cause rhyt»mic activi- 
ty in the given center; the apnea {s shortened, and nor- 
mal respiration is restored. In a given animul, the fast- 
ex the concentration of carbon dioxide reaches the thres- 
hold level and the greater the excitability of the respira- 
tion center, the shorter reflex apnea will be, other con- 
4 ditions being equal. Therefore, the fact that the reflex 
apnea observed tn the rabbits with the exper!mentral 
heart defect was 2-3 times shorter must be due to either 
increased excitability of the respiration center, or the 
fact that the minute volume of the blood Is decreased 
in aortic stenosis, while the CO, content of the blood 
increases faster than normally. However, the latter ex- 
planation contradicts the known fact thar, in the animals 
with heart defect, the shortened apnea was attended by 
slighter and shorter decline in the O, content (Fig. 2). Moreover, even short apnea will probably cause the O, 
content of the blood to decrease sharply when the minute volume is decreased and the arteriovenous difference 
of O, saturation correspondingly increased. According to the experimental data of C. Wiggers [9], there is no 


a 


Fig. 1. Reflex apnea in rabbit No. 6 before creation 
of heart defect (a) and 1} months after creation of 
heart defect (b). Gurves from top to bottom show: 
respiration, indicated of stimulation, indication of 
time (in 1 second marks). 
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Fig. 2, Decrease of oxyhemoglobdin content in blood during reflex apnea 
in rabbit with experimentally induced heart defect (1) and in the same 
animal before the creation of the defect (2). 


decrease In the minute volume even when the aorta, where it leaves the heart, is 60-70% smaller in dlameter, 
{.e., when the cross-section of the aorta {s 8-9 times smaller than normally. Goldberg, Bacst and Baily [7], 
conducting a clinical physiological study on 26 patients with clear aortic stenosis, showed that the minute vol- 
ume, the stroke volume and the arteriovenous difference Jn the oxygen saturation of the blood remain normal 
even when the degree of stenosis Is considerable. These data allow the proposition that constricting the aortic 
cross-section by 4-6 times, as we did {a our animals, f.c., by less than in Wigger’s experiments, did not cause 
the minute volume to decrease either. Consequently, the shortening of the reflex apnea is due to the increased 
excitability of the respiration center, 

SUMMARY 


A shortening of the reflex apaca is observed in rabbits with compensated experimentally induced aortic 
stenosis in stimulation of the upper respiratory tact by ammonia, 


Evidence obtained from oxyhemometic investigation gives dase for conclusion that this phenomenon Is 

the result of increased excitability of the respiratory center. 
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CERTAIN CONSEQUENCES OF DESTROYING THE CAUDATE NUCLEI 
IN RABBITS AND DOGS : 
A. Romanovskaya 
From the Physiological Laboratory of the USSR Academy of Sciences (Director — 2, A, Asratyan, 
Corresponding Member of the AMS USSR), Moscow 
(Received October 22, 1956. Presented by V. N. Chemigovsky, Active Member of the AMS USSR) mi 
One of the main tasks of physiology Is to investigate the role of the basal ganglia, There is a mass of 
Uterature on this subject. Scientists are especially interested in the function of the striate body [1-7 and others], 
and particularly, in the function of one of its nuclei (nucleus caudatus). 
In recent years, a series of authors have discovered new facts indicating that the caudate nuclei evidently * 
send inhibitory and stimulating impulses to the cerebral cortex (8, 9, 10). There are indications in the ltera- 
ture that the caudate nuclet are related to conditioned reflex activity (11, 12). Nevertheless, the physlologi- 
cal role played by the separate nuclei of the striate body has not yet been clearly established. This prompted 
ur to investigate the functional importance of the caudate bodies. For this purpose, we chemically caused i 
unflateral and bilateral destruction of the caudate nuclet in rabbits and dogs and examined the consequences ou 
of our intervention. 


EXPERIMENTAL METHODS 


In our experiments, we first used an injection of alcohol, to which colophony was added to increase the 
viscosity, to destroy the subcortical nuclei. However, even the addition of the colophony did not completely 
prevent the alcohol from spreading and diffusing through the brain matter, which could cause an undesirable 
stimulating effect. Therefore, we used melted paraffin for this purpose In later experiments, With the localized 
destruction of the subcortical nuclei by sich a method, conditions were created which were somewhat analo- 
gous to those attending a brain tumor (as, for example, pressure on the adjoining tissue), 


Paraffin, at a temperature of 80-100°, was taken up into a hypodermic and injected in small amounts 
{ato the region of the caudate bodies @bo"': 0.03 ml was injected Into the rabbits, from 0.05 to 9.2 ml into the 
dogs). In the dogs, the injection Was done through a puncture in the cerebral cortex at the level of girus cru- 
ciatus posterior, After this method had been devcloped in short experiments, we went on to study the con- 
sequences of destroying the caudate nucleiin long experiments. The operation was done on the dogs under 
morphine-ether-chloroform anesthesia, in the rabbits, under a local novocain anesthetic, The animals were 
observed for different periods of time ( from 2 weeks to 3-6 months), depending on the conditions of the experi- 
ment, and then killed; the!r brains were examined pathoanatomically and, {n some cases, histologically. 


EXPERIMENTAL RESULTS 


Experiments on rabbits, The caudate nuclei were unilaterally destroyed in 6 rabbits, bilaterally, in 7 . 
rabbits. A control operation was done on three rabbits (cranial trepanation and two symmetrical punctures of 
the cerebral cortex). A total of 16 animals were observed. After the operation (Fig. 1), in the rabbits with 
bilaterally destroyed caudate nuclei, one could detect slight locomotor disturbances manifested by the “falling 
to pieces” of the paws In a jump and rather clumsy movements, which, 1-2 weeks after the operation could 

only be observed when the rabbits were on a slippery floor. A certain decrease in the tonicity of the leg muscles 
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was observed In the animals, The thresholds of the flexor reflex to an induced current were raised, but only dur- 
ing the first few days after the operation, There were no definite changes in the respiration and arterial blood 
pressure. Certain pecullarities in the general behavior of the animals appeared after bilateral destruction of the 
caudate nuclei, During the first days after the operation, the orientation reaction to the environment either be- 
came very weak or disappeared entirely in the rabbits, They sat passively in one place; if they were moved 
from this position, the animals often dashed off wildly( especially when tactile stimulation was employed) and 


hid in a corner, 


Weight load (in grams) 


Fig. 2. Change in extensor tonicity of the muscles in 
Ace after destruction of the caudate nucleus on the 
left side. 

I) anterior paws; II) posterior paws; a) left; b) right. 
Crosshatch) measurement before operation; slanting 
lines) measurement after operation; on the day of the 
operation and 7 and 14 days after it. 


Fig. 1. Rabbit with caudate nucleus on right side 
destroyed shown the Sth day after the operation. 


After unilateral destruction of the caudate 
nuclei, we often observed asymmetrical positions 


of the rabbits* head and body (bent towards in- 
jured side). Their movements were selectively orientated towards the injured side. On the opposite side of the 


body, the paws (especially the anterior one) were often in a semi-extended position, although the rabbits could 
easily pull them back into the normal position, The flexor reflex thresholds of these exwemities were usually 
raised immediately following the operation, but returned to the preoperation tevel by the 2nd-3rd day. 


Experiments on dcgs. Five dogs were experimented upon; one dog was used as a control and, of the other 
four, two had unilateral destruction of the caudate nuclei and two, bilateral while the control dog received only 


cranial tepanation and surface punctures of the cerebral cortex. 


No sharp locomotor disturbances were observed in the dogs Ace and Little Yellow (February 18, 1954 and 
April 13, 1954) after unilateral damage to the caudate nuclei (0.05 of melted paraffin injected), They walked 
and ran well. We noted a decrease in the extensor tonicity of the leg muscles on the side opposite the operation 
which was evident both visually and when the tonicity was measured wit Shpigel's apparatus Fig. 2). The flexor 
reflex thresholds of these extremities to an induced current were raised during the first 2 days after the operation, 
The deep sensibility of these extremities was disturbed, 


The dogs were observed for two weeks after the operation. After this period, the disturbances described 
had still not yet been fully compensated, but ..ere considerably less expressed, The animals were killed 2t 
months after the trauma. Histological examination of the brain showed that a considerable part of their caudate 
nuclei had been destroyed and that there was cell degeneration in the remaining part (Fig. 3). 


In the other two dogs, Gypsy and Mushroom, the caudate nuclei were bilaterally destroyed, 


The animals were observed for a long period before the operation, but only one was systematically ex- 
amined (Mushroom), as the second dog was extremely excitable. Clear conditioned reflexes to light were de- 
veloped in both dogs, and, in Mushroom, a differentiation was also developed. We used an electric current as 
an unconditioned reinforcement. Mushroom was operated upon oa July 24, 1954 and Gypsy, August 18, 1954, 
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After the operation, we observed a certain decrease in tonicity and change in the deez and cutancous sensibiilty 
in Mushroom. In Gypsy, stiffness of movement was observed 1-2 weeks after the operation, 


The conditioned reflexes were retained in both dogs, although thelr magnitude decreased somewhat, pard- 
cularly during the later periods after the operation, 


For example, in Mushroom, 2-3 months after the 
operation, the conditioned reflex was often delayed, 
sometimes there was no reaction to elther the condition- 
ed or unconditioned stimull; the motions were slow, 
the paw being raised “In stages” (Fig. 4). 


Fig. 3. Frontal section of the left cerebral hemi- ron 3 
sphere In Ace, 


Hyperesthesla to tactile stimulation developed = Fig, 4, Graduated character of conditioned motor reac- 
in both animals. No changes were observed in gen- tion in Mushroom, Curves from top to bottom show; 
eral behavior and locomotion in the conrol dog paw movement, indication of conditioned stimulation, 
(with the cranial tepanation and punctures of the indication of unconditioned stimulation, indication of 
cerebral cortex). time (in 1 second marks), 


Gypsy was killed 2} months and Mushroom 7 
months after the operation, Pathologicoanatomical and histological examinations of the brain showed that the 
paraffin bad destroyed most of the caudate nucleus in Gypsy’s left hemisphere; there was less damage to the 
caudate nucleus in the right hemisphere, but the remnant of the caudate nucleus was degenerating due to hydro- 
cephalus of the ventricle. In Mushroom, there was pronounced bilateral degeneration of the cellular elemeats 
of the caudate nucleus, 


We consider the above experimental data obtained from rabbits and dogs to be preliminary. One can 
nevertheless make certain conclusions from these data with a view to outlining the course of further study. The 
corsequences described which result from the destruction of the caudate nuclei should apparently be considered 
both as symptoms of disassociation and as symptoms of stimulation — a combination which 1s often clinically 
found tn various diseases (usually with tumors) of the subcortical ganglia, 


SUMMARY 


The consequences of destruction of the caudate nucleus were studied {n rabbits and in dogs. Injections of 
molten paraffin’ into the above subcortical formation were used for thay purpose (the puncture was performed 


through the brain cortex), It was considered that this may bring about disturbances similar to those which appear 
in brain tumors. 


It was demonstrated by the results of these experiments that the delicate function of motor coordinatioa 
was disturbed in local destruction of the larger portion of the caudate nucleus, Sensitivity, both cutaneous and 
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proprioceptive was, likewlse, disturbed, Characteristic changes appeared In the animals’ behavior, Conditioned 
reflexes were disturbed In rabbits, as well as In dogs. 
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VASCULAR PERMEABILITY IN SOME DISEASES OF THE CENTRAL AND 
PERIPHERAL NERVOUS SYSTEMS 


I. L. Vaisfeld and G. N. Kassil 


N. I. Grashchenkov's (Corresponding Member AMS USSR) Team at the Department of Biological 
Sciences, Academy of Sciences USSR, Moscow 


(Recelved November 8, 1956, Presented by N, I. Grashchenko, Active Member of the AMS USSR) 


In our previous investigations [1, 2] it was established that patients with lesions of the diencephalic area 
and with pain syndromes of various etlology showed considerable changes of permeability In cutaneous capil- 
laries, The criterton for judging permeabllityinthe direction tissue ——* blood was the time taken for half- 
elimination of NaCl solution labelled with Na™, introduced Into the skin of the forearm (right and left), The 
technique used was that developed in I. A, Oivin's laboratory [3]. Allowance was made for the fact that the 
rate of absorption reflected the functional state of the capillary wall and depended not only on {ts permeability 
but also on the extent of absorbing surface and rate of blood flow. 


In practically healthy subjects the time of half-elimination of Na™ was, on the average, 9.6 minutes 
both in the right and left forearms, Patients with diencephalic lesions were divided into three groups according 
to the rate of absorprion of Na, 1) with increased permeabillty (3}- 6 minutes), 2) with lowered permeability 
(up to 20-28 minutes) and 3) with permeability corresponding to the lower level of the normal range (average 
of 7} minutes). 


Patients with pain syndromes (radiculitis, neuritis, neuralgia, vascular tumors etc.) exhibited marked 
asymmetry of the rate of absorption on the healthy and affected sides of the body. Pain syndromes were as- 
sociated in the majority of cases with lowered permeability; the absorption curve showed a diphasic character 
slowing markedly during the course of investigation. 


The work of L. S, Shtern and collaborators [4] has shown that the composition and properties of tissue 
fluid depend both on the passage of substances from the blood {nto the tissues and on the passage of products of 
metabolism from the uUssues into the blood, The relative constancy of extracellular fluid can only be main- 
tained when the movement of water, electrolytes and nutrient substances from the blood into the tissues fs 
balanced by a reverse movement from the tissues Into the blood, The amount,coimposition and properties of 
tissue fluids cepend on the capillary wall permeability in both directions, 


The present communication, which is one of a series of investigations of the state of cell blood barriers 
in certain diseases of the nervous system (work of G. N, Kassil and collaborators), 1s concerned with the results 
of studies on capillary permeability in the direction blood ——> tissues, 


EXPERIMENTAL METHODS 


Na™cl with acuvity of approximately 70 microcurle was given intravenously in 55 ml! 20% solution of 
glucose. Blood samples for determination of activity were taken from the finger (0.1 ml) at intervals of 1, 3, 
5, 10, 20, 30, 60, 120, 180 minutes. Intensity of radiation was determined by a counter using Installation "B? 
The rate of passage of Na™ from blood into tissues was expressed In percentage of maximal concenwation of 
the fsotope in blood, reached directly after its administration (in the course of the first minute). 


1070 


4 
i 
| 
4 
3 
‘ 
3 
4 
a 
a 


In the case of control subjects (healthy, young persons) the rate of Na™* uptake from the blood by the 
tissues usually reaches 52% by the 5th minute, 70% by the 20th minute, the latter level belng maintained for 
up to 3 hqurs, 


Observations were carried out on patients with diencephalic lesions (14 cases) and with pain syndromes 
of various etiologies (15 cases). 


Restuls of observations on patients with diencephalic disorders are given in Table 1. 


TABLE 1 
Rate of Removal of Intradermally Administered Na™cl In Patients with Diencephalic 
Syndrome 
jRemoval of Na™“from blood (as % of its maxi- 

1} |F a) -| § 15 20 38 40 5.5 

2] 22/Xil| K.|M 200 40 46 46 46 6.0 

3] 19/1 > | 27 | — | 2 | 30 | 33 | ao 6.0 

4} 20/1 M./F. | 32 | —]|]1O0]—] 18 | 22 | 33 | 40 | 40 | 11-—14.5 

S| 2300 | 44 | 10] a7 | — | 33 | 38 — 5.5 

G] 23/111 |p, 30 | —] 15} —] 26 27 46 48 5. 

7 9/V 18 5} 10] 24] 30 34 46 48 8.0 

8] D. F. 42 | 15] 54] 5S 62 62 7.5 

9} 24/V > | 35 | 27] 39] 50] 59 | co | — | oo | 7.5 

10} 3/V |» 57 20/35] 36 | 55 | | 62 | — | 12.0 

20/11 IM. | 53 | 52) 74 83 83 20.0 

12] |g |e, 37 | 26/50] | sa | so | — | -- | 10.0 

13 WIV iL. 32 | 47152) 53] 69 71 72 72 20.0 

| K.] >|] 33 13] 49/56] w ] o | — | | — | 10.0 


As can be seen from these data, the rate of removal of Na*™ from the blood was considerably slowed In 
the case of the first 7 patients, At 20 minutes only 18-30% Na™ had been removed, and up to 40-48% sub- 
sequently, Slowed removal of Na”, though less marked, was also seen {in the next three patients (at 20 min- 
utes 36-59% and then 60-62% was removed). Cases No, 11 and No, 12 showed, in contrast, accelerated re- 
moval of Na*4 which reached, at 5 minutes, 50-62% and 80-83% at 30 minutes. The two last patents showed 
rates of Na™ removal which were within normal limits. Thus, of 14 patients investigated, 10 exhibited slowing 
of the passage of Na*™ from blood to tissues and accelerated (except the fourth patient) absorption of Na* from 
the tissues into the blood (average 5.7 minutes), 


The rate of Na removal from blood {s presented graphically in the figure, The curve for Na“ removal 
from blood shows In Its first part (up to the 10th minute) the Intensity of Na“ exchange between blood and 
extra-cellular fluid, and in its second part the onset of a relative state of equilibrium between these systems, 
‘a While the normal removal of Na“ from blood reaches 70-74% by the 20th minute, in the first group of 
patients with diencephalic disorders only 18-30% is removed during this time (see Figure) which indicates re- 

. tention of Na* in the blood, Accelerated absorption of Na™ from the tissues into the blood {s usually observed 
in these patients as has already been reported in a previous communication [1], Clinical and physlological 
examination of the patients revealed, as a rule, accelerated excretion of water from the organism, dryness of 
skin and tssues and tendency to wasting. Curve 3 (see Figure) ts characteristic for rapid removal of Na* from 
the blood which {s evidently accompanied by its accumulation {n extra-cellular fluid, These patients not {n- 
frequently show slowed uptake of Na* from the tissues by the blood [1] as well as retention of water in the 
body, edema and excessive deposition of adipose tissue, The material presented thus indicates that patients 
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TABLE 2 
Rate of Na™ Removal in Patients with Pain Syndrome 


| Removal of Na** from blood] 
a (in % of itsrmaximal valve) | 
3 in course of min, Bc Diagnosis 
SEIS | | Sec 
3 3 a A < <s 
radiculitis 
4 2] | » | 6G) 2) —) 25 37] 42 Left-sided lumbo-sacral 
| radiculitis 
4 F. | 26) 23) —| 9° Right-sided lumbo-sacral 
4 radiculitis 
| 
4 5]10/V | 70) 28 35) SO} 55 Bilateral lumbo-sacral 
radiculids 
2 6} 9/11 » | 62) 30 49) — 74 75 
4 7 31] 32, 37 55) 67 Vascular pains. Angioneurosis 
8 [14/111 F. 32) 30) 57) GO) Autonomic polyneurids. 
a | Angioneurosts 
9 |.) 32] as 59, 65) 65 Chronic headaches — = 
| ~ otitic etiology 
10} S/IV » | 25) 40) 52) 63 Chronic headaches — angio- 
4 9/V JG.) | <5, 60 67 Pain syndrome-multiple 
sclerosis Angioneurosis 
4 12} 20/11 |M.JF | 56 64] 82 Right-sided lumbo-sacral 
radiculitis 
13 }12/1V | 33) 52] 62) 65) 70) 74 Thoracic ganglion infla- 
mmation, Sympathalgia 
15 ]24/V |K.] » | 45] 58) 70: 75] 77] 
angioneurosis 
3 TABLE 3 
4 Absorption Time for Intradermally Introduced Na™cl in Patients with Diencephalic 
3 Syndrome, Following Administration of Sympatol 
. Absorption time in min, 
3 No. of Pate of ex- 
Subjects Sex Age 
a experi- periment 8 before ad- jafter admins 
3 ment | min, of s of sympatol 
patol 
1955 P. 26 4.4 16.0 
2 12/X » 6.5 12.5 
3 23/X1 Kh, 42 4.7 7.5—13 
s. 43 5.5 11.0 
5 15/X11 Ss. F. 22 5.5 5.5 
6 15/X11 K, M. 20 6.0 §.0 
7 B. 23 6.0 9.5—14 
8 P. > 33 3.7 4.5 
2 9 19,1 1956 K. > 44 5.5 6.0 
10 K. 35 6.0 12.5 
1} D. 42 9.5 14.0 
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with diencephalic disorders show definite, consistent changes of vascular permeability both {n the direction 
tissues ——> blood and blood dssue, 


Changes of permeability In both directions were also studied In patients with pain syndromes, The re- 
sults are presented In Table Y These data show that patients with lumbo-:acral radicullus and neuralgias 
have a diminished rate of Na™ removal from blood Into tissues, By the 20th minute 37-50% was removed and 
a state of equilibrium was saannee when 49-61% Na™ had been removed, Patients with pain caused by various 
conditions (Nos, 6-11) showed Na™ removal rate which was within normal limits (67-78%); in 4 natients (Nos, 

12-15) accelerated removal of Na“ from blood was ob- 
served (83-89%). In 7 patients out of 15 the Ume of ab- 


sa sorption of Nach from the tissues into the blood was 
9 considerably prolonged while In the others ft was within 
0% Iimits of normal. In this group of patients, unlike those 
3 70; of the diencephalic disorder group, it proved to be im- 
2B g\| possible to reveal strict dependence of movement of 
30 2 in the direction blood —> tissues and dssues —> 
§ blood, It {s connected apparently with different etio- 
€ id ; logy of the pain syndrome in various disorders of the 
seal . central and peripheral nervous systems, The pain syn- 
“3 20 of drome as such does not produce characteristic changes 
10 of vascular permeability in the direction blood > ds- 


sues as distinct from the data obtained In studies on 
permeability in the direction tissues —> blood, It must 
be supposed that the rate of removal of Na™ from the 
Rate of Na“ removal from blood In the normal (1) blood depends on the main disease and may be of definite 
and fn aacquny with diencephalle disorders (2 and significance for differential diagnosis and therapeutic 

3). Initial Na™ content of blood taken as 100, considerations. 


20 $9 & M010 189 
Time (in minutes) 


Dynamic studies of vascular permeability on some 

patients revealed that improvement the general con- 
dition under the influence of therapy was accompanied by normalization of the movement of Na“ from the 
blood into tissues and vice versa. In the case of patient K., aged 44 years, with marked manifestations of 
diencephalic disorder vascular permeability to Na™ fn the direction of ussues -—> blood was Increased on 
first examination, when {ts removal from the blood was slowed, Follo-ing 8 irradiations of the diencephalle 
area with roentgen rays the vascular permeability to Na™ tn both directions was normalized against a back- 
ground of general improvement In the patient's condition, 


Taking these data Into consideration, it was dectded to study the problem of possible directed alteration 
of capillary permeability. Certain “vegetotropic® substances, widely used in clinical practice, were chosen 
for study (sympatol, proserine). 


Results of these investi,ations are presented In part In Table 3. 


The data obtained show that absorption time for Na™ after preliminary administration of sympatol was 
considerably increased in most patients, in some cases 2-3 fold. Apparently, the sympathetic reaction which 
Occurs on administration of sympatol and 1s accompanied by vaso-corstriction, rise of blood pressure, accel- 
eration of blood flow and slowing of absorption favors change in capillary permeability. 


When proserine was given to the subjects under Invesgation it was thought that depression of cholin- 
esterase activity and accumulation of acetylcholine connected with this would cause a parasympathetic effect 
and, unlike syropatol,, lead to accelezation of Na* absorption. However, acceleration of absorpdon was 
noted in only 2 cut of 7 cases, This was associated with pronounced increase of parasympathetic tonus (slow- 
ing of pulse, pupillary constriction, increased peristalsis, nausea), In the remaining cases administration of 
proserine did not produce any appreciable parasympathetic effect or any changes In the permeability of skin 
capillaries, Investigations along these lines are being continued. 
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SUMMARY 


Permeability of blood vessels to Na™ was studied In the direction of tissues to blood and vice versa, 
These Investigations were conducted In healthy Individuals as well as in patients with diencephalic lestons and 
with pain syndromes of various etiology. 


Pronounced delay of removal of Na™ from the blood into the Ussues was noted In diencephalic patients 
with increased permeability In dssue to blood direction, A more rapid removal of Na™ from the blood was 
revealed {n patients with reduced permeability from the tissues tnto the blood. The rapidity of Na™ removal 
from the blood Into the tissues In the patents with pain syndromes of various edology {s different (Its velocity 
is increased in one case and decreased In the other), Certain vegetotropic substances widely used tn the 
clinic (such as sympatol, and proserine) were used for directed change of permeability. It was established | 
that following administradcn of sympatol absorption of Na™ which was injected subcutaneously ts greatly 
delayed, 
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BLOOD CLOTTING SYSTEM AND HEMORRHAGE INTO THE BRAIN UNDER 
CONDITIONS OF NERVOUS TRAUMA 


N. V. Bogoyavienskaya 
From the Chair of Animal Biochemistry (Director — S, E, Severin, Member AMS USSR), MGU 
(Received December 6, 1956. Presented by V. N. Chernigovsky, Member AMS USSR) 


It {s known from the lfterature that experimental reflex ep{lepsy of rats, evoked by prolonged auditory 
stimulation, leads in some cases to the death of the animal, from brain hemorrhage [2,3], 


It has also been shown that previous administration of thyroid extract causes a marked rise in mortality 
of the epileptic rats, with a corresponding r‘se In the incidence of brain hemorrhage, while previous prolong- 
ed treatment with methylthiouracil has the opposite effect of lowering the mortality rate [4]. 


According to L. V. Krushinsky, L. P, Pushkarskaya, and L.. N. Molodkina [2] the basic cause of brain 
hemorrhages in nervous trauma lies in a profound disturbance of the interaction of stimulatory and Inhiblrory 
processes, 


It is evident that possible pathological changes in capillary fragility and permeablilty, blood pressure, 
blood coagulation, etc., may lead to the Inception of hemorrhage. 


In this connection, we thought {t would be of interest to examine some factors of the blood clotting sys- 
tem, and to ascertain whether changes in their content {s related to formation of hemorrhages. 


EXPERIMENTAL METHODS 


We subjected rats to acoustic stimulation, as in our experiments [2]. The experimental animals were 
sensitive to acoustic stimuli, f.e., they reacted to the sound of a bell by violent motor excitation, leading in 
most cases to epileptiform fits, The rats were subjected to intermittent acoustic stimulation for a period of 
15 minutes, with Intervals of 10 seconds every 10 seconds, and this was followed by a three minute break, 
after which the bell was rung again for 144 minutes (if fits appeared before the completion of the schedule, 
the ringing was stopped earlier), 


The excitation developing after the pause was found to be more intense than before the pause, In many 
tases (about 12% on the average) it terminated in the death of the animal, Death occurred in some cases 
20-30 minutes after completing the bell-ringing schedule, and in others after several hours, or even 1-2 days, 
Brain hemorrhage was found at autopsy In most (90%) of the animals in question, 


Blood samples were taken from the Jugular vein before the experiment and In different phases of the 
pathological process, We determined the prothrombin, thrombotropin, and heparin content, by the methods 
developed in B, A, Kudryashov’s laboratory (MGU) [5,6]. The present research {s part of a program belng con- 
ducted in thi8 laboratory. 


We have shown [2] that a marked hypothrombinemia Is present in rats suffering from experimental re- 
flex epilepsy (with the usual 1'/, minute duration of the acoustic stimulus), The prothrombin level fell by 
22%, on the average, 15 minutes after exposure to sound, while the thrombotropin and heparin activities did 
not vary. In view of these findings, it seemed reasonable to suppose that intensification of the nervous trauma 
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by exposure to prolonged Intermittent ringing, causing fatal cerebra] hemorrhage in many of the animals, 
should cause a greater lowering of blood prothrombin, and possibly also of other components of the blood 
clotting system. 

In the first series of experiments we examined the prothrombin and thrombotropin contents of the blood 
of 38 rats which were subjected to prolonged acoustic stimulation, Blood was sampled before the bell started 
tinging, after 15 minutes exposure (during the 3 minute pause), after 30 minutes, 45 minutes, 4 hours, and 
24 hours, The results obtained are presented in Table 1, 


TABLE 1 


Component of blood After 30|After 45 After 4 | After 24 


clotting system expert, 
animals 


Prothrombin (%) 70.3 {85.2 
Thromboropt: 90.0 193.9 


EXPERIMENTAL RESULTS 


As ts evident from Table 1, rats displaying an epileptiform reaction to protonged acoustic stimulation 
manifested a marked hypoprothrombinemia. The prothtombin level fell by an average of 25.5% within 15 
minutes of the commencement of the exposure. The prothrombin level had risen from the low level within 
4 hours, and was back to normal within 24 hours. 


It {s worthy of note that prolongation of the duration of exposure did not lead to any further lowering 
of prothrombin content below the values found after a 1% minute exposure [1]. The organism evidently pos- 
sessess some pretective mechanism, which prevents any further lowering of prothrombin level by more than 
30-40%, whatever the Intensity of the nervous stimulation, since this would lead to a Lemorrhagic condition 
of the animal. 


Of the 3S experimental rats 4died, Death took place within 30 minutes of commencement of expo- 
sure to sound, At autopsy, 3 of these rats had macroscopic hemorrhages Into the lateral venvicles of the 
brain. The prothrombin level found in rats shortly before their death was not lowered more than in the sur- 
vivors (decrease of 36%, 45%, 38%, and 21%). The average fall in prothrombin level is no greater than in 
these which survived, It may hence be concluded that the lowering of the prothrombin level of the blood of 
tats subjected to prelonged acoustic simulation Is not a determining factor in the development of the ob- 
served hemorrhages, but it may contribute to the action of other factors known to be concerned in the develop- 
ment of cerebral hemorrhage (changes in fragility and permeability of capillaries, in blood pressure, and in 
ether components of the blood clotting system). 


A study of blood thrombotropin in 30 rats, under conditions ot experimental epilepsy caused by pro- 
longed acoustic stimulaticn, showed no significant changes, An exception to this finding was provided by 
two rats which died of cerebral hemorrhage, and which had low thrombotropin levels before death (33% and 
32%). We cannot, however, claim that this fall In thrombotropin content contributed In any way to the develop- 
ment of hemorrhage, because of the small number of cases, and because of the possibility of experimental 
error (blood was taken from moribund animals, and for this reason entered tlie syringe very slowly). The sub- 
ject requires further experimental Investigation, 


The second series of experiments was devoted to a study of blood clotting factors in hyperthyroid rats 
in conditions _of experimental epilepsy, and of rats previously treated with methyltuouracil. 


We first examined the effect of thyroid treatment on prothrombin, thromborropin, and heparin activities 
of rat blood. 


Our experiment showed that in experimental thyrotoxicosis caused by prolonged administration of thy- 
roid preparation (100-150 mg per kg body weight per diem for 10-12 days) the prothrombin level underwent 
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considerable individual fluctuations, Nevertheless, most of the rats (22 out 39) showed a ralsed level of pro- 
thrombin (in some rats up to 150-160%), on the average on the 7th or &th day of administration, followed by a 
fall (In some animals down to 50%). We found no changes in thrombotropin or heparin activities of thyrold- 
treated rats. 


The blood clotting mechanism in experimental thyrotoxicosis of animals has bzen very Little studied, 
Most of the work on this subject has been done on human subjects with. thyroid gland disease. it has been noted, 
for example, that In various hyperthyroid conditions there Is a considerable retardation of clotting, amounting 
in some cases to a hemorrhagic state, and associated with a fall {n prothrombin content [7, 8, 9, 10). It should, 
however, be borne in mind that hyperthyroid patients, particularly acute cases, usually display degenerative 
changes of the liver cells, as a result of which production of the basic components of the blood clotting system 
Is invert ered with, It ts for this reason that a hemorrhagic diathesls ls encountered in severe thyrotoxicosis, 


TABLE 2 


Changes In Prothrombin Content and Heparin Activity of the Blood of Hyperthyroid Rats, and of Rats after Pro- 
longed Methylthiouracil Treatment, under Conditions of Experimental Epilepsy Caused by Prolonged Acoustic 
Sdmuladoa 

(Mean values) 


Component of Number of | Percentage/Before thyroid Before acous- |30-40 
the blood clot- experimen-| mortality |administration tic stimula- [minutes 


ting system tal animals tion after 
stimula- 
tion 
Hyperthyroid rats Prothrombin, 16 25.0 91.8 83.4 61.2 
Heparin 16 25.0 43.2 44.3 
(seconds) 
Control Prothrombin, 38 10.5 94.4 68.0 
Se 
Methyithiouracil rats Prothrombin, 14 28.6 100.7 73.4 
j 
Control Prothrombin, ' 
%e 12 58.3 93.2 62.5 


A study of the centent of basic components of the blood clotting system of hyperthyroid rats under condi- 
tions of experimental epilepsy showed that prolonged acoustic stimulation caused pronounced hypoprothrom- 
or observed 30-40 minutes after exposure to the stimulus (Table 2). Blood prothrombin falls by an ny 
of 22%. This fall ts, however, no greater than that found in normal “sensitive” rats (controls), 


This {s evidence that the observed changes in prothrombin level are not determining factors In raising the 
mortality of hyperthyroid rats, due to cerebral hemorrhage following prolonged acoustic stimulation, 


The heparin activity of the blood of hyperthyrold rats ts unaffected by prolonged acoustic stimulation, 


Four of the 16 experimental rats died after exposure to sound, and 3 of them were found at autopsy to 
have massive hemorrhages {nto the lateral ventricles, Shortly before death, these rats had prothrombin levels 
of 63, 62, 60, and 71%, whereas the surviving rats included some with lower levels (49, 48, 81, 51, 40%). 


A pronounced fall in prothrombin content was observed {n some rats on the 9-10th day of thyroid treat- 
ment (cown to 50% in some cases), Prolonged exposure to sound did not cause any change In thelz prothrombin 
content, a marked decrease of which was observed in rats whose prothrombin level was close to the normal, 
This observation also supports the view that animals possess a protecive mechanism which prevents the pro- 
thrombin level from falling by more than 30-40% on exposure to this type of nervous trauma, 
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After prolonged methylthfouract] administratton® (39 mg per 100 g body wel ght dally for 10 days) the 
fall in prothrombin content of the blood after prolonged acoustic stimulation was 30.7%, on the average; this 
1s about the same as for the control group (27.3%). This is evidence that the changes In prothrombin content 
observed in the methylthlouracil group of rats were not a determining factor in reducing mortality from cere- 


bral hemorrhage, in this group, 


Summing up our experimental results, we have established that a pronounced fall in prothrombin level 
(by an average of 23% takes place in the blood of rats exhibiting an epileptiform reaction to prolonged acoustic 
stimulation, The fall in prothrombin content Is not, however, so great as to account entirely for the incidence 
of cerebral hemorrhage in experimental epilepsy, 


Certain authors, who have endeavored to elucidate the cause of intracranial hemorrhages of new-born 
children, have also come to the conclusion that such subarachnoid hemorrhages are not determined by lowering 
of prothrombin activity (11) 


The changes in blood prothrombin of rats due to impairment of nervous regulation are of short duzation 
(the effect of acoustic stimulation appears after a few minutes, and normal levels are again found within a day), 
It may be supposed that the nervous system exerts a regulatory, compensatory action, This {s one of the aspects 
of the trophic role of the nervous system, 


The absence of any change In the thrombouopin content, and the observed changes In prothrombin con- 
tent of the blood, suggest the existence of different regulatory mechanisms for these two thrombogenic compo- 
nents, which are synthesized basically tn the liver, The considerable stability of the thrombotropin level under 
conditions of nervous trauma can, apparently, be related to the important role played by thrombotropin in the 
living organism as an inidator of the process of blood coagulation, 


SUMMARY 


Experimental reflex epilepsy In rats due to prolonged sound stimulation caused death In certain animals 
due to hemorrhage Into the brain, The possible pathological changes in permeablilty and stability of capillaries, 
in the blood pressure and {n coagulation, etc, may promote the appearance of hemorrhages, It was demonstrated 
expertmentally that {n condition of epileptiform reaction In rats caused by prolonged sound stimulation, prothrom- 
bin value of the biood shows marked reduction (by 23% on the average), The activity cf thrombotropin and hep- 
arin does not change materially. Decrease in the level of prothrombin 1s not large enough to be the fundamen- 
tal cause of appearance of hemorrhages In rats, 
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ROLE OF THE HYPOPHYSIS IN THE RESISTANCE OF RATS TO 
DIPHTHERIA TOXIN 


V.M. Ivanov 


From the Chair of Pathological Physiology (Director — Prof, A. D. Ado, Corresponding Member 
AMS USSR, II Moscow Medical Institute 


(Recelved November 30, 1956, Presented by L. A. Zilber, Member AMS USSR) 


Of the investigations Into the role ef the hypophysis In the resistance of animais to various pathogenle 
factors, comparatively few are devoted to resistance to diphtherla toxin [4, 7,15], Frick and Lamp [7] found 
that hypophysectomized guinea plgs have a lower survival rate than do normal animals, 


Skuratova (1956) has shown that Introduction of ACTH at the time of !mmunization with diphtheria 
toxold raises the resistance of guinea plgs to subsequent injection of d’ ‘atherla toxin, as compared with con- 
trol antmals, A similar effect is found when ACTH {s Injected 3 months before the Injection of diphtheria 
toxin, with subsequent repeated doses of ACTH at various times before injection of toxin, and simultaneously 
with its injection, 


We thought {t would be instructive to examine the resistance of aibino rats to diphtheria toxin; these 
animals are reported [8] to be 5000-10,000 times more resistant than guinea pigs. 


The object of the present research was to Invesugate the effects of hypophysectomy and of administra- 
tion of ACTH to hypophysectornized ratson their resistance to diphtheria toxin, 


EXPERIMENTAL METHODS 


The anf{mal material consisted of 64 female albino rats, weighing from 140 to 190 g; of these, 48 were 
hypophysectomized, and 16 were controls. The control animals were subjected to a dummy operation, involv- 
ing the same operational manipulations, but without removing the hypophysis. Hypophysectomy was perform- 
ed by a paratracheal approach, described by Silaeva [3]. The daily dose of ACTH (6 mg per 100 g body weight) 
was dissolved in 1% sodium chloride solution, and infection subcutaneously Into the left thigh, in 3 doses, with 
a 12 hour night interval, The animals were given ACTH during the whole period of Intoxication (8-10 days). 
The first Injection of ACTH was given 1 hour before Injection of diphtherta toxin, The first series of experi- 
ments was performed on 16 controls and 16 hyponhysectomized rats, Ten days after the operation both groups 
of animals were given diphtherla toxin (guinea pig MLD = 0.0026 ml). In the second series of experiments 
two groups of 16 hypophysectomized mice were taken, 10 days after the operation, The rats of the first group, 
which served as controls, did not recelve ACTH, while those of the second group were given ACTH, accord- 
ing to the above schedule. All rats were then given diphtheria toxin. Only animals in which the total absence 
of hypophyseal tssue had been confirmed were taken for these experiments, Completeness of hypophysectomy 
was checked by histological examination of the ablated gland, by visual examination of the hypophyseal cavity, 
using a binocular lens, by comparison of the absolute eosinophil count of the peripheral blood before and after 
hypophysectomy, and by the adrenalin test (a modification of Thorn's test [14]). LDsg was determined accord- 
ing to Reed and Muench [11]. 


a 
4 
fire 
= 
5 
a 
3 
4 
= 
a 
a 
1080 
Fs 


EXPERIMENTAL RESULTS 


The results, presented in the Table, show that LDg, for diphtheria toxin is smaller for hypophysectomized 
than for intact rats (C.247 and 0,418, respectively). It is evident from a comparison of the number of rats dying 
and surviving that mortality Is higher in the hypophysectomized group. The length of the survival dime in the 
two groups also shows that hypophysectomy leads to a fall in resistance to diphtheria toxin, 


A similar comparison of the data for hypopnysectomized rau receiving and not receiving ACTH Indicates 
that adrenocorticouophic hormone raises the resistance of hypophysectomized rats to diphtherla toxin, | 


Hypophysectomy Is followed by dysfunction of numerous endocrine glands, and by disorganization of num- 
erous processes concerned with hypophyseal function, In this connection,the regulatory function of the central 
nervous system {s profoundly disturbed [5]. Of the large number of facto-s leading to lowering of resistance of 
hypophysectomized rats, we attach special Importance to those connected with hypophyseal-adrenal relations, 
since it is these which, according to numerous authors, are responsible for determining the resistance of the 
organism to the action of harmful factors, 


Resistance of Hvoophvsectomized and Conuol Rats to Diphtheria Toxin 
Indicators of 


Animals 


Ni 


Nuinber of rats dying and surviving —_ 


dose of toxin, ia ml per 100 g body weight survival 


cols on 0.16 


oats | 


Intact 
Hypoph ysectomized 


7.4 


Hypophysectomized, given ACTH 


* Numerator; number of rats dying; denominator: number surviving. 


The protective effect of the adrenals in diphtheritic Intoxication was shown by Bogomolets (1), Molchanov 
(2), and, later, by Lewis and Page (9), Yurkov [6], and others. 


It is noteworthy that corticoadrenal extracts and individual corticosteroids are effective in raising the re- 
sistance of adrenalectomized rats only, to diphtheria toxin, but have no significant effect in intact animals 


(8, 9}. 


Of the individual corticosteroids, only glucocorticoids (compound A acetate) raise the resistance of adrena- 
lectomized rats to diphtheria toxin; desox ycorticosterone acetate was without effect [9]. 


According to a number of authors (12, 14], the adrenocecticowrophic hormone of the anterior hypophysis 
is active chiefly in stimulating secretion of glucocorticoids, 


If we accept Selye's view [13] that the hormone reaction is tiggered by ACTH secretion, it would follow 
that the protective action of the adrenal ccrtex could not be fully developed in the absence of the hypophysis, 
This supposition is supported by the finding that administration of ACTH to hypophysectomized rats ralses their 
resistance to diphtheria toxin, Skuratova's findings [4] also supports this view. 


Our experimental findings support the view that the hypophysis plays a significant part in the determina-. 
tion of the narural resistance of rats to diphtheria toxin, It is probable that this protective effect {s mediated 
through its adrenocorticotrophic function, Other pimitary hormones may of course, also exert a protective action, 
since ACTH administration ralses the survival rate of hypophysectomized rats by only 10%, as compared with 
hypophysectomized rats not receiving ACTH, whereas hypophysectomy lowers their resistance by over 40%, 
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SUMMARY 


It was established that hypophysectomy causes decreased resistance of rats to diphtheria toxin, LDgs of 
diphtheria toxin fs less for hypophysectomized rats than for Intact ones, It equals correspondingly 0.247 and 
0.418, Introduction of ACTH to hypophysectomized animals increased their resistence to diphtheria toxin 


(LDyg cqualed 0,303), 
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BIOCHEMIS TRY AND BIOPHYSICS 


INCORPORATION OF RADIOACTIVE S°5-METHIONINE AND C!4-GLYCINE INTO 
THE PROTEINS CF WHOLE LIVER TISSUE AND OF LIVER CELL NUCLEI, 
AT VARIOUS TIMES AFTER PARTIAL HEPATECTOMY 


K. A. Perevoshchikova 


From the Biochemical Laboratory (Director — Prof. 1, B. Zbarsk y), P. A. Gertsen Oncological 
Institute (Director — Prof. A, N. Novikov) 


(Received March 9, 1957, Presented by S, E, Severin, Member AMS USSR) 


Researches conducted in the Blochemical Laboratory of the P, A, Gertsen Oncological Institute [2, 4, 9] 
have shown that tumor cell nuclei differ from those of ordinary tssves in the relative proportions of thelr pro- 
tein fractions, Malignant tumor cell nuclet show a pronounced rise (by a factor of 5-10) in the content of re- 
sidual protein fractions, at the expense of nucleoprotein and acid protein fractions, In order to ascertain the 
specificity of these changes, a study was made of the cornposition of the cell nuciel of other rapidly growing 
Ussues (embryonic and regenerating) [3]. During the early stages of compensatory growth of liver cells follow- 
ing partial hepatectomy the cell nucle! of regenerating tissue to a certain extent resemble, as regards their 
protein fractions, the nuclei of tumor cells, This allows us to draw a parallel between the dedifterentlation of 
ussues, taking place at this stage of regeneration, and the anaplasia of tumors {3}. 


Experiments on the Incorporation of labelled amino acids into whole tissue proteins and into the nuclei 
of malignant tumor cells in vivo showed that the nuclear proteins of tumor cells took S**-methionine and C!*- 
glycine 3-4 times more slowly than did the whole tissue proteins or the nuclear proteins of normal Liver { 5}. 
It remains to be shown to what extent this phenomenon fs characteristic of tumor tissue, or whether it applies 
to all rapidiy growing tissues, and whether it bears any relation to differentiation of tissues, 


The present paper 1s devoted to a study of the rate of incorporation of S**-methionine and C'-giycine 
into the proteins of whole tissue and cell nuclef at various stages of compensatory growth following partial 
hepatectomy. 


EXPERIMENTAL METHODS 


The abdominal cavity of rats .eighing 130-150 g was opened under ether anesthesia, and a part of the 
liver was ligated and excised, At various times. after the operation (2, 5, 10, 15, and 20 days) injections of 
s**-methionine were given subcutaneously, at a dosage of 3000 to 6000 impulses per minute per g body weight. 
The animals were killed by decapitation 30 minutes and 3 hours after the injection, and the liver was taken 
for examination, after trimming off the necrotic parts. The cell nuclei were isolated by Dounce's method, at 
pH 6.8[12). In some of the experiments the nuclei were Isolated in a 1% citric acid medium [13]. Parallel 
with this we performed a series of experiments on the Incorporation of labelled amino acids {nto the proteins 
of iver slices in vitro, Theexperiments were conducted according to the method described in an earlier 
paper 6}. 


The proteins were processed {n the usual way, Radioactivity was measured by means of a Geiger counter, 
on a 10 mg sample of protein spread evenly over the surface of alvmirium discs, diameter 18 mm, The results 
were calculated as the ratio of impulses per minute per g of pretein and per g body weight, 
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EXPERIMENTAL RESULTS 


Our experiments on the incorporation of S**-methio- 


nine into the proteins of whole lives ussue and into the 
cell nuclei of regenerating liver of rats showed (Table 1) 
that the highest radioactivities were found in the pro- 
teins of whole liver tissue during the first few days after 
partial hepatectomy (for example, on the second day), 
after which the activity fell, and azein rose in the termi- 
nal stages of regeneration. On the 2nd day after partial 
hepatectomy the nuclear proteins incorporate s**- meth- 
ionine at a somewhat slower rate than do those of whole 
tissue. By the 4— 6th day the radicactivity of the nuc- 
lear proteins had fallen by 144 — 2 umes, and it regained 
its earlier level only on the 15 — 2th day after the op- 
eration. 


Fractionation of the nuclear proteins [4] was per- 
formed in some of the experiments only, owing to the 
insufficient amounts of available mzterial. 


The results of these experimexss showed that the 
highest radioactivity was found in tee acid protein frac- 
tion, and the lowest in the residual proteins. 


The data for incorporation of C**-glycine into the 
proteins of regenerating liver tissue are presented in 
Table 2. In these experiments the cell nuclei were Iso- 
lated in acid medium; inclusion of redioactivity into 
the nuclear proteins at different stages of regeneration 
did not differ appreciably from tha: for whole tissue 
proteins, 


days after partial hepatectom 


Our results foe rate of incorporation into tis- 
zue slices in vitro confirmed the fincings reported In the 
literature, that regenerating liver tssoe takes up labell- 
ed amino acids faster than does ncera! liver tissue 
(Table 3). 


Since we found, in our eariier experiments [6], 
that products of hydrolysis of ribonecieic acid had an 
activating effect on incorporation of iabelled amino 
acids into the proteins of normal liver slices, and that 
this effect did not apply to tumor tissue, we thought It 
would be of interest to repeat this experiment with slices 
of regenerating liver at various times after partial hepa- 
tectomy. 


Slices of regenerating liver, weighing 150-200 mg, 
were immersed in a medium contaizing ~glycine and 
0.05% of ribonucleic acid hydrolysis products. 


The results of this experiment ‘Table 3) showed 
that the rate of incorporation of C**-zlycine into pro- 
teins of tissue slices taken on the second day after partial 
hepatectomy was unaffected by ribomucleic acid hydro- 
lysis products, ‘ 


Partial Hepatectomy. Three Hours After Injection of Radiomethionine, The Nuclei were Isolated in Neutral So.ution, Impulses per min. per g 
Experinient 


of Protein; Impulses per min, per g Body Weight 
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Whole tissue proteins 
Nuclear proteius 


TABLE 1 
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TABLE 2 


Incorporation of C!*-glycine into the Proteins of Whole Tissue and Cell Nuclet of 
Rat Livers, Isolated in Acid Medium, at Various Times after Partial Hepatectomy, * 
3 Hours after Introduction of C'*-Glycine expressed as impulses per min. per g of 
protein ; impulses per min. per g weight 


Experiment 


Day after hepatectomy 2nd 6th] 9th 20 3-rd] 6th 10-th) 14-th 20- th 


Whole tissue 5.5 
Nuclei 


TABLE 3 


Incorporation of C'-Glycine Into the Proteins of Regenerating Rat Liver 
Slices, at Various Times after Partia! Hepatectomy, and the Effect on 
this Process of Hydrolysis Products of Ribonucleic Acid 


Days after hepatectomy 


Incubation conditions” 


Without addition of ribonucleic 
acid hydrolyzate 


In presence of ribonucleic acid 
hydrolyzate 


* The slices were incubated in Rodinson"s medium [14] for 50 minutes 
at 37.8°, in an atmosphere of O3. 


A slight activating effect became apparent on the 6th day, and on the 14th day addition of RNA hydro- 
lyzate raised the rate of incorporation of labelled amino acid by 2- 2; umes. 


It appears from our findings that the synthesizing activity of the nucleus vartes at different stages of the 
regeneration process. Thus the rate of incorporation of labelled amino acids into nuclear proteins is lower on 
the 4— 6th day after partial hepatectomy than into whole tissue proteins. It should be noted that at this stage 
of regeneration, characterized by undifferentiated growth, the cell nuclei to some extent resemble those of 
tumor cells, the proteins of which incorporate labelled amino acids 3— 4 times more slowly than do those of 
whole tissue [5]. Ata late stage of regeneration (15 — 20th day), the relative rate of incorporation of amino 
acids into cell nuclei rises. At this stage, nuclear proteins incorporate S**-1nethionine at a rate equal to that 
for whole tissue proteins, and in this respect they may be said to resemble the proteins of normal liver cell 
nuclei. 


Somewhat different results were found for Incorporation of C'*-glycine into Hver regenerate proteins, and 
in particular into the proteins of the cell nuclei, when these were isolated in an acid medium. In this case we 
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could find no difference between the rates of incorporation {nto whole tissue and nuclear proteins, 


4s was shown by our previous researches [7], when nuclei are lsolated In acid media a certain amount of 
basic proteins, the radioactivity of which ts low, is extracted Into the solution, as a result of which the radio- 
activity of the remaining proteins rises, and approaches that of whole Ussue proteins, 


Our in vitro experiments confirm published reports that the rate of incorporation of labelled amino acids 
into the proteins of regenerating liver slices is higher than for normal liver, but lower than for tumor tissues. 


According to our data, the radioactivity of the proteins of regenerating liver may be expressed in rela- 
tive units as 1.1, of normal liver as 0.66, of M-1 rat sarcoma as 2.5, and of Ehrlich mouse ascites tumor as 


7.8 [6}. 


During the first few days after partial hepatectomy addition of ribonucleic acid hydrolyzate to regenerat- 
ing liver slices has no effect on the rate of incorporation of amino acids into their proteins, Much the same 
was found to apply to M-1 rat sarcoma slices (6). At later stages of regeneration, addition of ribonucleic acid 
hydrolyzate raises the rate of incorporation of amino acids by a factor of 2— 2%. This finding fs in accordance 
with our earlier data for normal liver slices [6}. 


Thus the results of our research are consistent with published findings (1, 3, 8, 10, 11), and point to 
biochemical peculiarities of two stages of regeneration, Although the differences between the rates of incor- 
poration of labelled amino acids into nuclear and whole tissue proteins of liver regenerates of the first stage 
of regeneration are not great (a factor of 1¥,— 2, as compared with 3 — 4 for tumor tissue), we may venture 
to suggest that there is some resemblance, in this respect, between the early stages of regeneration, distinguished 
by undifferentiated growth, and the anaplasia of tumor tissue. 


Our data also indicate that at a late stage, that of differentiation, the proteins of regenerating liver resemble 
these of normal liver, as regards the rate of incorporation of s*§-methionine. 


We regard the results of the present research as affording confirmation of the assumption that the nucleus 
is responsible for the synthesis of the more specific proteins, which determine the normal development and 
differentiation of the liver [5]. It may be concluded from our experiments that on the 4— 6th day after partial 
hepatectomy the liver cell nuclei incorporate S**-methionine at a rate 1.3 — 2 times slower than do the whole 
tissue proteins of the regenerate. On the 15— 20th day after partial hepatectomy the rate of incorporation of 
S*$-methionine is the same for nuclear and whole tissue proteins. Ribonucleic acid hydrolyzates do not affect 
the rate of incorporation of C'*-glycine into the proteins of liver regenerate slices taken on the 2nd day after 
partial hepatectomy, but they raise the rate of inclusion into tissues taken on the 6th day, to a small extent. 

By the 14th day the hydrolyzates raise the rate of inclusion of C'-glycine by a factor of 2— 24. 


SUMMARY 


The rate of inclusion of S**-methionine and c'*-stycine into the proteins of whole tissue and cellular 
nuclei of rats liver at various periods following partial hepatectomy was investigated. It was established that 
on the 4th to 6th day following partial hepatectomy the process of inclusion of s*§ into the cellular nuclet of 
the liver was 1.3 to 2 times slower than in the proteins of the tissue regenerate asa whole. _The rate of 
inclusion of S*8-methionine into the proteins of the nuclei and the whole tissue of regenercting liver becomes 
equal on the 15th-20th day. On the second day after partial hepatectomy the products of hydrolysis of ribo 
nucleic acid have no effect on the rate of inclusion of C'*-glycine into the proteins of sections of liver . 
regenerate in vitro, A certain increase of inclusion is noted on the 6th day. Hydrolyzate of ribonucleic acid 
enhances inclusion of C'* frora 2 to 2% times on the 14th day after the operation, 
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EFFECT OF ULTRAVIOLET IRRADIATION ON THE PERMEABILITY TO PROTEINS, 
RADIOCALCIUM, AND RADIOPHOSPHORUS OF THE CAPILLARIES OF THE 
ANTERIOR PORTION OF THE EYE 


Yu. A. Petrovich 
From the Odessa Scientific Research Psychoneurological Institute 


(Received January 10, 1957. Presented by V. N. Chernigovsky, Member AMS USSR) 


Apart from its theoretical interest, the study of the effect of ultraviolet radiation on the permeability of 
the capillary vessels of the eye may be of some importance clinically, since it {s the cause of the condition 
“Known as electro-ophthalmia. The pathogenesis of this condition has not been sufficiently clarified. In parti- 

cular, we were unable to find any references in the literature to capillary permeability in this disease. 


Patients suffering from this condition complain of unbearable pain in the eyes, with photophobia and 
lacrimation. The symptoms appear after exposure of the unprotected eye to certain sources of light, such as 
the quartz-mercury vapor lamp in autogenous of arc welding, and in foundry practice during pouring of molten 
metals, etc. Electro-ophthalmia {s analogous to snow-blindness, caused by the sun's rays in mountainous or 
polar regions. It is also encountered after exposure to the ultraviolet radiation released during nuclear explo- 
sions. 


The present paper presents the results of a study of capiliary permeability after ultraviolet irradiation of 
the eyes. 


Capillary permeability was assessed from data for penetration of certain substances, viz., proteins, P™, 
and Ca®, 


Capillary permeability can be assessed from the protein content of the aqueous humor, which Is normally 
209-300 times smaller than in the plasma of healthy animals. Augmentation of capillary permeability leads 
to a marked rise in the protein conient of the aqueous humor. We estimated the protein content by a nephelo- 
metric method [11], especially adapted to this purpose. 


Aqueous humor samples were taken by means of a fine hypodermic needle inserted into the anterior 
chamber. 


Solutions of Na,HP™0, and Ca“cl, were injected into the marginal vein of the left ear of rabbits. The 
solutions were injected one immediately after the other: radiocalcium at a dosage level of 1500 imp./g, and 
phosphorus 200 imp./g. Puncture of the anterior chamber was effected one hour after the injections, and a 
blood sample was taken simultaneously from the marginal vein of the right ear. The content of both radioiso- 
topes was determined in the same sample of aqueous humor (0.1 ml) or blood (0.01 ml), using filters (9). The 
measurements were made in duplicate on dried films of the fluids. We first measured the total isotope activity, 
using an end-wincow counter, The measurement was then repeated, interposing a filter which cut off all the 
Ca® radiation, and half of the P™ radiation, This filter consisted of 37 layers of aluminum foil. Counting of 
impulses was done in a B equipment, from an end-window counter in a lead chamber, 


In view of the importance of vitamin C deficiency in the development of disturbances of vascular per- 
meability, we also determined ascorbic acid in the aqueous humor, 
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Expezimental electro-ophthalmia was produced by irradiating the left eye for 30 minutes, using mercury 
vapor lamps PRK-2 or PRK-4, The distance from the light source to the eye was 65 cm for PRK-2, and 40 cm 
for PRK-4, The right eye was shielded from the light of the lamps. 


EXPERIMENTAL RESULTS 


Conjunctivitis and blepharospasm were observed on the next day, and also 2-3 days after irradiation. The 
sequelae of irradiation were no longer visible after 1-3 weeks, 


The parameters measured varied paralle} with the clinical changes. The protein content of the aqueous 
humor of the irradiated eye rose abruptly after 1-3 days (Table 1); Whereas the protein content of aqueous 


humor of control animals varied from 39 to 84 mg- % [7], after irradiation the range was 200- 1840 mg-% 
TABLE 1 


Protein and Ascorbic Acid Contents of the Aqueous Humor (mg %) after Irradiating the 
Left Eye, from a Quartz-Mercury Vapor Lamp 


interval Protein Ascorbic acid 
rabbit uncture righteye | left eye right eye left eye 
(days) 
1 1 26 210 17.2 10.2 
2 1 40 200 17.3 15.0 
3 2 §2 450 13.8 6.6 
4 2 65 390 1.9 17.1 
5 2 49 250 23.7 21.3 
6 2 22 240 15.6 13.0 
7 3 62 1840 14.6 ‘ 6.0 
8 3 88 520 1.2 11.0 
Average i 48 430 18.9 129 
5 18 59 48 27.4 27.1 
4 20 49 35 23.2 22.8 
10 23 38 43 18.4 13.7 
3 41 45 47 11.8 9.3 
7 44 76 72 33.3 26.0 
i 45 52 55 18.0 16.9 
Average 53 so 20.7 20.1 


The protein content of the aqueous humor of the shielded eye did not rise (22-88 mg %). 


After a lapse of 18-45 days from the beginning of the process the protein content of the {rradiated eye was 
the same as for normal rabbits. 


At the stage of maximum rise in protein content (1-3 days) the aqueous humor of the affected eye showed 
a higher concentration of radioisotopes than did the unaffected one (Table 2), The mean Ca® content on the 
irradiated side was 136.8imp./min., as compared with only 101.4 imp./min, on the opposite side, The corres- 
ponding values for p*? were 75.2 and 51.2 tmp./min., respectively. one mean P™ activity of the blood of these 
rabbits was 148.6 imp./min (range 70-306.9 imp./min). The mean Ca® of the blood was 131 imp ./min (range 
79-216 imp./min). 


Our experimental findings are evidence of increased capillary permeability. for all the substances ex- 
amined, 


The ascorbic acid level fell in many cases to less than half the value found for the aqueous humor of the 
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TABLE 2 
Pp”? and Ca® Activities of the Aqueous Humor (imp./min per 0.1 ml) after Irradiation of E 
the Left Eye with a Quartz-Mercury Vapor Lamp 


uncture _tighteye | left eye | tl righteye lefteye left eye 
1 day 126.7 166.1 55.6 105.8 
12 1» 124.0 190.5 73.5 103.6 
13 1 > 838.9 124.2 50.4 77.0 
14 2 days 51.7 90.1 47.9 60.1 _ 
15 2 » 74.4 90.1 31.0 44.3 
16 3 142.5 159.9 48.7 60.8 


Average 101.4 136.8 


intact eye, at the height of the rise in capillary permeability (Table 1), Such marked asymmetry {s not en- 
countered in healthy control rabbits [7]. Nor was it observed in these animals a few weeks after irradiation. 


Since the quartz-mercury vapor lamp emits not only ultraviolet, but also visible light (49.5% of total 
emission (1]), we examined these fractions separately to ascertain whether visible or ultraviolet Iight was 
respensible for the changes observed. For this purpose we interposed a glass filter, which cut off all radiation . 
of wavelength less than 334 my, between the light source and the eye. 


TABLE 3 
Protein and Ascorbic Acid Contents (mg %) of Aqueous Humor after Irradiation of the Ba 
Left Eye with a Quartz-Mercury Vapor Lamp Through a Filter Cutting Off Ultraviolet * 
Light 
Interval bet- Protein Ascorbic acid 
ween Irradia- 
No, of tion and punc- 
rabbit ture (days) tighteye | lefteye | righteye | left eye 
17 1 44 al 17.4 19.0 De 
18 1 36 39 19.8 20.2 ; 
19 2 34 43 38.9 40.0 
20 2 34 37 16.4 17.0 
21 3 42 32 14.6 17.0 
22 3 44 27 20.2 18.2 
Mean | 39 | 35 21.2 | 21.9 


We did not observe cases of electro-ophthalmia after exposure to the screened light, and we found no 
appreciable changes in the permeability of the capillaries of the eye to the substances studied, The results 
obtained from these experiments are presented in Tables 3 and 4, 


These results are evidence that the changes in permeability of the capillaries following quartz-mercury 
vapor lamp irradiation of the eye were due to ultraviolet rays of wavelength less than 334 my. 


The observed rise in protein content of the aqueous humor is due to raised capillary permeability. It 
cannot be ascribed to passage of proteins from the injured cornea to the aqueous humor, since electrophoresis 
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experiments have shown [10, 15] that the aqueous humor contains albumins and globulins, of which there ts very 
little in the cornea [13]. 


We believe that the variations In vitamin C level observed after ultraviolet irradiation are also to a cer- 
tain extent connected with disturbances of capillary permeability. The aqueous humor normally has an ascorbic 
acid content 10-30 times higher than that of blood plasma, If capillary permeability rises, vitamin C will dif- 
fuse out from the aqueous humor Into the blood, as a result of which {ts concentration falls in the aqueous humor, 
Lowering of the vitamin C content of the anterior chamber leads, in turn, to still greater disturbance of capti- 


lary permeability. 


TABLE 4 


p*? and Ca® Activities of the Aqueous Humor (imp./min per 0.01 mt) after Irra- 
diation of the Left Eye with a Quartz-Mercury Vapor Lamp Through a Filter Cut- 
ting Off Ultraviolet Light 


Interval bet- Radiocalcium Radiophospiiorus 


No. of ae ig 
~ on and punc-]| right eye right eye left eye 
rabbit ure (days 
23 1 day 77.2 69.5 67.5 61.8 
24 1 >» 95.0 87.2 46.4 45.8 
25 111.4 107.1 31.5 33,2 
26 2 days 105.5 97.0 51.2 47.2 
27 = | 71.3 63.2 58.3 61.4 
28 3» 74.0 78.0 39.4 45.4 


Mean | 89.1 | 83.7 | 49.0 | 49.1 


Ultraviolet irradiation of tissues leads to release of histamine and histamine-like substances [6]. The in- 
creased permeability of the capillaries of the anterior chamber observed by us may depend on the formation 
of such biologically active products. This view is supported by the observation that repeated subconjunctival 
injections of histamine lead to a raised protein content of the aqueous humor, with a simultaneous fall in its 
vitamin C content [4]. 


It may also be supposed that the changes observed by us are connected with stimulation of receptors 
(sensory terminations of the trigeminal nerve, for example), As is known, stimulation by ve nerve causes a 
pronounced rise in the permeability of the capillaries of the eye [5], in particular to p*®, ca®, and protein 
(3, 8]. Support is afforded to the reflex mechanism by the finding that the nature of the erythematous reaction 
to ultraviolet irradiation is greatly modified by narcosis [2], and that it proceeds differently in individuals suf- 
fering from various lesions of the central nervous system than {it does in normal subjects (1). 


SUMMARY 


Permeability of eye ~ peryee? following irradiation by quartz-mercury lamp was studied by determining 
the perineation of protein p*? and Ca® into the aqueous humor of the eye from the blood of rabbits. The con- 
tent of proteins, P™? and Ca“ increased in the aqueous humor of the eye during marked mantffestation of electro- 
ophthalmia. At the same time, the level of vitamin C was reduced, This showed that the permeability of eye 
capiilaries was increased, One group of rabbits was irradiated by a quartz-mercury lamp protected by a filter 
which did not allow ultraviolet rays of the wavelength shorter than 334 my to pass. However, visible rays were 
not stopped by this filter, This was done since besides ultraviolet rays the quartz-mercury lamp {rradiates num- 
erous visible rays. Conditions of the latter experiment did not cause ophthalmia and had no effect on the above 
indices. Consequently, it was concluded that increased permeability of capillaries was caused by ultraviolet — 
rays. A theory has been suggested to account for the reflex character of these changes and the significance of 
histamine in their development. 
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SOME ACETYLATION PROCESSES IN THE NORMAL HUMAN ORGANISM AND 
IN FUNCTIONAL DISTURBANCES OF THE NERVOUS SYSTEM 


L. N. Bulovskaya 
From the IL. P. Pavlov Institute of Physiology, AMS USS2, Leningrad 
(Received December 1, 1956, Presented by Academician K. M. Bykov) 


Pantothenic acid deficlency in the human [ 2, 3} has been associated with symptoms of adrenal insuffici- 
ency, of impaired activity of the alimentary tract, and of lesions of the nervous system. 


The biochemical basis of these pathological changes is related to the functions of coexzwme A (CoA), 
which is concerned in the synthesis of citric acid [9], in acetylation of amines, including chctine, to give ac- 
etylcholine [6, 8}, in fatty acid metabolism [7], in steroid synthesis [4], and in formation of peptide bonds 


( 1}. 


The appearance of functional disturbances of the nervous system of humaa subjects suffering from panto- 
thenic acid deficiency led us to investigate certain biochemical uansformations conriected with CoA, in patients 
suffering from neuroses. 


We examined; 1) the acetic acid content of the blood, as a possible source of active Zcetate, 2) per- 
centage acetylation of sulfanilamide, as an index of CoA activity, and 3) the blood citric acid content, since 
formation of citric acid Is closely bound up with CoA activity. 


We examined patients suffering from functional disturbances of the nervous system (hysterical neurosis, 
neurasthenia, and other neuroses). For normal values we took those found for a group of noemal persons. This 
group corresponded in age, sex, and period of observation with the neurotic group. 


Blood acetate was determined for groups of 30 normal and 30 neurotic individuais, biood citric acid in 
42 normals and 59 neurotics, and percentage acetylation of sulfanilamide in 44 normais and 63 neurotics. 


EXPERIMENTAL RESULTS 


The results, subjected to statistical treatment, are presented in Tables 1,2, and 3°, for healthy normals, 
for patients suffering from hysteria and from neurasthenia, and for the whole group of neurotic patients, includ- 
ing, apart from hysteria and neurasthenia, a small group of other neuroses. 


The range of values found was; healthy contro]s 0-17 mg %, patients 0-18 mg % 


It is evident from Table 1 that the differences found between blood acetic acid contect of healthy and 
neurotic individuals are not statistically significant, although the mean values found for hysterical patients 
are higher than for the other groups. 


The mean citric acid content of the blood of neurotics was much higher than in the comtrol group. This 
difference is statistically significant (Table 2), 


The individual variations found were: controls 0,8-1.6 mg %, neurotics 0.4-1.5 mg % 


* The symbols at the heads of the columns of Tables 1, 2, and 3 represent: n) number of determinations (persons), 
M) arithmetic means of the values, a) standard deviations, n) mean error, t) coefficient of sisnificance of dif- 
ferences, P) statistical probability of significance of difference from the values for heaithy controls, as per cent. 
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TABLE 1 


Acetic Acid Content (mg %) of the Blood of Normal and Neurotic Individuals 


Group examined | a | M | a | m t | P 


Healtny 30 6.77 | 43.8026 | +0.69 
15 8.47 $4.8683 | 41.26 1.2 87 | 
s | 683 | 45.3901 | +1.99 | 0.1 5A 
eurastne! 
. 262 +0 0.7 76 
All forms of neurosis 30 7.6 
= 
( d The individual variations for percentage acetyiation of sulfanilamide found were; healthy conwols 
4 10-39, patients 4-27. 
E The mean values for percentage acetylation of sulfanilamide were lower for the neurotic group than 
7 for the conuols. The difference is statistically significant (Table 3). 
a TABLE 2 
E Blood Citric Acid Content (mg %) of Normal and Neurotic Individuals 
examined a fale | t | P 
4 Healthy 1.18 | 40.1874 | 40.03 
Hystericals 0.90 0.1952 + 0.04 5.6 100 
Neurasvhenics 24 0.90 40.2350 | +0.05 4.8 100 
ie All forms of neurosis 59 0.91 | 40.2278 | 40.03 | 6.4 100 
TABLE 3 
7 Percentage Acetylation of Sulfanilamide in Normal and Neurotic Individuals 
7 a Group examined 
a Healthy 
4 Hystericals 30 14.57 | 45.6000 | 41.02 } 4.5 100 
a Neurasthenics 27 16.00 +6.7313 | +1.30 4.5 100 
‘a All forms of neurosis 4.4 
g The simultaneous lowering of the citric acid content of the blood and of percentage acetylation of sul- 
te fanilamide encountered in functional disorders of the nervous sytem may be evidence of deficiency of dietary 
. pantothenic acid, or of disturbances in its synthesis in or assimilation from the alimentary tract ( percentage 
E acetylation of sulfanilamide was always lowered in neurotic patients when they also suffered from disease of 
E the alimentary tract), or of impairment of synthesis of acetyl CoA, 
4 The experimental evidence does not permit to state which disturbance of pantothenic acid metabolism 
Bi is present in patients suffering from neuroses, but there can be no doubt that this metabolism is disturbed. 
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SUMMARY 


The content of acetic and citric acid and percentage of acetylation of sulfanilamide were determined 
both in healthy individuals and patients with neurosis. Metabolism of these substances takes place with the ald 
of coenzyme of acetylation (CoA), which contains pantothenic acid, The average content of acetic acid in the 
blood of neurotic patients Is nearly normal except incases of hysteric patients in whom It fs slightly increased, 
Simultaneous decrease of content of citric acid In the blood and the percentage of acetylation of sulfanilamide, 
which ts noted in the functional disturbances of the nervous system may point to deficiency of pantothenic acid 
in thediet , to disturbance of its synthesis or its assimilation in the digestive tract and to disturbance of the syn- 
thesis of acetyl CoA, Evidence at our disposal still does not permit to decide the nature of the metabolic dis- 
turbances which take place during neuroses. 
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EFFECT OF ANTIBACTERIAL CHEMOTHERAPEUTIC PREPARATIONS OF THE 
SYNTHESIS OF p-AMINOHIFPURIC ACID IN RAT LIVER SLICES 


G. N. Pershin and L. 1. Shcherbakova 


From the S, Ordzhonikidze All-Union Scientific Research Chemical-Pharmaceutical Institute 
(Director — Prof. M. V. Rubtsov), Moscow 


(Received June 19, 1957. Presented by V. V. Zakusov, Member AMS USSR) 


The most interesting aspect of the action of bactericidal chemotherapeutic preparations {s that of their 
effect on reactions of synthesis, particularly of proteins. 


For this reason we thought it would be of interest to study the effect of chemotherapeutic preparation on 
the formation of peptide bonds. 


For this purpose we applied the model reaction of synthesis of p-aminohippuric acid (PAHA) by rat liver 
sliees from p-aminobenzoic acid (PABA) and glycine (2} 


The experimental methods used were described in our previous paper [1]. We compared the amount of 


PAHA synthesized by liver slices from the same animal, after incubation for 5 hours, with and without addition 
of the chemotherapeutic substance, 


We examined the effects of the antibiotics streptomycin, penicillin, chloromycetin, and biomycin. and 
of the antitubercu!osis drugs Tubazid, Ftivazid, and Tibon.® 


In those cases in which the amount of antibacterial drug added exceeded its solubility in the medium we 
added it in the form of a fine suspension. 
EXPERIMENTAL RESULTS 
The results given by our experiments are presented in Tables 1, 2, and 3. 


It appears from the data of Table 1 that Tubazid, Ftivazid, and Tibon do not significantly affect the syn- 
thesis of PAHA by liver slices, 


The data of Table 2 show that penicillin in high concentrations (100 — 10,000 units per ml) inhibits syn- 
thesis of PAHA, At concentrations such as are achieved in the organism for therapeutic purposes we could find 
no interference with biosynthesis. Streptomycin sulfate depresses synthesis at a concentration of 4000 units per 
rl, while streptomycin—calcium chloride complex either has no action, or stimulates synthesis, even at very 
high concentrations, 


_ Table 3 shows that chloramphenicol, syntomycin, dextromycetin, and chlortetracyclin suppress synthesis 
of PAHA by rat liver slices, at concentrations of 1000 ug/ml. Total inhibition of biosynthesis of PAHA is achi- 
eved by concentrations of 10,000 pg/ml of chloromycetin and syntomycin, 

DISCUSSION OF RESULTS 


Our experiments show that the antituberculosis chemotherapeutic drugs Tibon, Ftivazid, and Tubazid, as 
well as streptomycin, do not inhibit the reaction of biosynthesis of PAHA, even when taken in very high 


* Transliteration of Russian — Publisher*s note. 
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TABLE 1 
Effect of Chemotherapeutic Antibacterial Drugs on Synthesis of PAHA by Rat Liver Slices 


Weight Synthesis of PAHA, as % of control, in pre- 


of liver | ence of the drug (u g/ml) 


10 000 | coo | 10 | 


1 |Tubazid see 


Serial No. Name of drug 


TABLE 2 


Effect of Penicillin and Streptomycin on Synthesis of PAHA by Rat Liver Slices 


Synthesis PAHA as %control in presence of antibiotic (units per ml) 


= 
Antibiotic 

3 
a 


1 | Penicillin (sodium 
salt) 0.2 
2] Crystalline penicillin 
Kcalt) 02 
3 itto 0.2 
4 | Streptomycin sulfate 0.2 
5 | Streptomycin-calcium 
chloride complex 0.2 
6] Dito 0.2 
TABLE 3 
Effect of Antibiotics on Synthesis of PAHA by Rat Liver Slices 
3 Synthesis PAHA, as % of control, in 
e ibloti 
presence of the antibiotic (1 g/ml) 
3 3 2] 1000 | 1000 | 10 
1 Sintomitsin ..-... 0.2 28 | 45 87 93 | 93 
2 0.2 13 61 100 
3 > 0.2 0 78 100 a= 
4 Chloramphenicol... 0.2 3 19 105 
5 » cece 0.2 5 66 93 -i- 
8 » 0.2 55 114 
9 Chliortetracyclin. .. 0.2 50 89 89 
10 > 0.2 am» 50 83 


« 3 tissue 
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concentrations, The slight inhibition observed at very high concentrations of streptomycin was probably due to 
the presence vf umpurities in the antibiotic preparation; a purer preparation of streptomycin, viz., its calcium 
chloride complex, not only did not inhibit synthesis, but even had a stimulating effect. 


It thus appears that neither the specific acition of antituberculosis drugs, nor the toxic effects which they 
may exert, can be related to their effect on the biosynthesis of hippuric acid and its derivatives, 


The widely used anubiotics penicillin, chloramphenicol (levomycetin), syntomycin, and chlortetracyclin, 
at concentrations such as are achieved in the organism therapeutically, do not inhibit the reaction of biosynthesis 
of p-aminolippuric acid, Very high concentrations of antibiotics (1000 and 10,000 ug/ml), 


It is clear that the mechanism of action of these chemotherapeutic preparations cannot be related to this 
reaction, 


The effect of high concentrations of chloramphenicol, of its d- and di-forms, and of penicillin and chlo- 
rtetracyclin on the biosynthesis of PAHA is of theoretical significance insofar as the effect ts one of inhibition 
of a reaction by substances analogous in structure to the products of the inhibited biosynthetic reaction (pre- 
sence of amide bonds), ’ 


As an illustration of the structural similarities we give the formulae of chloramphenicol and PAHA. 


NO, 
“N 


H—C—OH 


| 
Ci,CH—CO—NH—CH—CH,OH 
Chloramphenicol 
and its sterioisomer 


H.N— —CO— NH—CH,—COOH 


p-Aminohippuric acid 


Iz should; however, be borne in mind that at such high concentrations these agents may also interfere 
with other biochemical p-ocesses, and this may secondarily affect the process under examination. 


The antituberculosis chemotherapeutic preparations Tubazid, Ftivazid, and Tibon, as well as streptomycin, 
do not interfere with the biosynthesis of p-aminohippuric acid by liver slices, 


Penicillin, chloramphenicol, syntomycin, dextramycetin, and chlortetracyclin have no effect on the bio- 
synthetic reaction at concentrations corresponding to therapeutic levels, but at higher concentrations they sup- 
press synthesis, down to total inhibition. 


The inhibition of the biosynthetic reaction by chloramphenicol, its stereoisomers, penicillin, and chlartetra- 
cyclin may be related to the similarity of molecular structure of the inhibitors and reaction product, 


SUMMARY 


The effzct of chemotherapeutic preparations on the synthesis of peptide bonds was studied. 


The reaction of synthesis of para-aminohippuric acid (PAHA) in sections of a rat's liver from para-amino- 
benzoic acid (PABA) and glycine was used. This method was described by P. P. Cohen and R, W, Gilwery. It 
was established that antituberculous chemotherapeutic preparation Tubazid, Ftivazid, Tibon, and streptomycin 
do not disturb biosynthesis of para-aminohippuric acid by liver slices. Penicillin, chloramphenicol, 
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syntomycin, dextromycetin and chlortetracyclin in low concentrations, which correspond to therapeutic, have 
no effect on the above reactions of biosynthesis, In high concentrations these drugs suppress this reaction up to 
complete Inhibition, Depression of reaction of blosynthes!s of PAHA by chloramphenicol and Its stereolsomers 4 
penicillin,and chlortetracyclin may be explained by similarity of the chemical structure of the depressing 
substances with the products of this reaction, 
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* In Russian, 


; 
4 
— 
- 
1099 


PHARMAGOLOGY 


EFFECT OF DICHLOROETHANE,.ON VITAMIN C METABOLISM 


N. M. Malinskaya and 8B. I. Yanovskaya 


From the Group working under B, A. Lavrov, Member AMS USSR, and in the 
Laboratory for Industrial Production Studies (Director — Z. B. Smelyansky ) 
Institute of Labor Hygiene and Occupational Diseares (Director — 
A. A. Letavet, Member AMS USSR, Moscow 


(Received June 20, 1957. Presented by B. A. Lavrov, Member AMS USSR) 


We have shown in a number of published papers [1) that the exercise of the protective function of vita- 
min C in response to toxic factors is associated with its increased utilization and expenditure In the animal 
organism, It is of importance that in organisms not capable of the biosynthesis of this vitamin, which has to 
be supplied with the food, its increased expenditure must lead to impoverishment of the ascorbic acid reserves 
of the tissues, In organisms able to synthesis ascorbic acid its increased expenditure leads to increased biosyn- 
thesis, and its concentration rises in the tissues. 


We have examined the effect of the chlorinated hydrocarbon dichloroethane on the ascorbic acid content 
of the organs of experimental animals capable of its synthesis. 


EXPERIMENTAL METHODS 


The experimental animals were female albino rats, weighing from 180 to 210 g. The animals were main- 
tained on a mixed diet, with addition of fish ofl. 


The first series of experiments was on 30 rats, divided into 3 equal groups. They were subjected toa 
single exposure to dichloroethane, lasting for two hours, in a special chamber. For 2 groups the dichloroethane 
concentration in the chamber was 20 mg/liter. The first group was killed by decapitation immediately after 
exposure, and the second was killed a day later. The third group was similarly exposed to a concentration of 
10 mg/liter for 2 hours, and the rats were killed immediately after. 


The organs were analyzed for ascorbic acid immediately after death, by our usual method [2]. Ascorbic 
acid was determined in the liver, the walls of the small intestine, the spleen, the brain, the kidneys, the adrenal 
glands, and the heart. 


In the second series of experiments, on two groups of ten rats each, we studied the effects of repeated 
small doses of dichloroethane, over a long time. One group was exposed daily for two hours to a chamber con- 
centration of 0.3 mg of dichloroethane per liter, and the second to a concentration of 0.6 mg per liter. The 
animals were killed at the end of a month, during which time they had suffered 25 exposures. 


As controls we took a group of i5 rats, which were not subjected to dichloroethane Inhalation. 


EXPERIMENTAL RESULTS 
Experiments on Single Acute Potsoning with Large Doses af Dichloroethane 


After a single 2-hour exposure to a concentration of 20 mg of dichloroethane per liter the ascorbic acid 
content of the liver rose by 80% (T = 8.0) over the controls, and of the spleen by 36% (T = 4.1). A rise of 1% 
in brain ascorbic acid can be considered to be a very large one, since numerous researches have shown that 
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brain ascorbic acid varies normally within very narrow limits, and Is far less variable than {s the ascorbic acid 
content of the liver, spleen, and certain other organs, The considerable rise in the ascorbic acid concentration 
of cardiac tissue (30%) Is of interest. The range of variation of the ascorbic acid content of the heart {s also 
usually very narrow. The ascorbic acid content of the intestinal wall of the exposed animals was 20% higher 
than In the ccntrols, but because of considerable individual variations (m = 2.6) the coefficient of significance 
does not attain the value of 3, although it {s not far from it, There was no change In the ascorbic acid content 
of the adrenals. As for the kidneys, a survey of the results found will be deferred to the section devoted to d's- 
cussion of results, below. 


Statistically significant increases in ascorbic acid content of the organs of rats killed 24 hours after ex- 
posure for 2 hours to a concentration of 20 mg of dichloroethane per liter were found for the same organs as the 
first group (T greater than 3 in all cases), with the difference that the increase in the liver was now only 36%, 
as compared with 80% in the first group; in the other organs the increase remained the same, and there was still 
no change in the ascorbic acid content of the adrenals. 


Statistically significant, and considerable rises were also found in the Jast group of rats, exposed to 10 mg 
of dichloroethane per liter, for the same organs as in the preceding groups, except in the Intestine. The ascorbic 
acid contents of the adrenals and the kidneys remained unchanged. 


Experiments on Chronic Poisoning 


The ascorbic acid content of all the organs examined was at the normal level in the group of rats which 
had been exposed 25 times during a month to concentrations of 0.3 mg of dichloroethane per liter, 


We were only able to analyze the liver and the brain of the rats of the group similarly given 25 exposures 
to concentrations of 0.6 mg of dichloroethane per liter. The ascorbic acid contents of these organs were very 
high, differing so much from the controls that T attained a value of 9. 


The large increase in ascorbic acid content encountered in most of the organs of rats which had been sub- 
jected to inhalation of dichloroethane is undcubted evidence of a very considerable rise in the rate of synthesis 
ef ascorbic acid. As has been shown earlier [3, 5, 6], such a rise in the rate of synthesis is a compensatory pro- 
cess, in response to an increased rate of expenditure of ascorbic acid, which participates in the defensive reac- 
tion of the organism to toxic factors. It hence follows that inhalation of dichlocoethane considerably raises the 
body requirements for ascorbic acid. 


We consider that important features of the reaction discovered by us are the selectivity and the dynamics 
of the changes in ascorbic acid encountered in the various organs, which are characteristic of each toxic factor, 
in the given case of dichloroethane, under the conditions applied by us. If we consider the results obtained by 
us from this point of view, we see that an exposure of 2 hours to concentrations of 20 mg of dichloroethane per 
liter evokes a pronounced response from a barrier organ, such as is tie liver, from the central nervous system 
(the brain), from the blood system (the spleen), and from the myocardium. The rise in ascorbic acid concentra- 
tion in the wails of the small intestine shows marked {individual variations (m = 2.6), so that we can speak of a 
strong probability that this organ is immediately involved in the defensive reaction of the organism to the action 
of dichloroethane. We could observe no reaction from the adrenal glands, 


The reactions found in the various organs 24 hours after exposure to dichloroethane were of the same kind 
as immediately after exposure, but were of a different intensity. Thus the intensity of the reaction found in the 
liver was smaller, An examination of the significance of the difference between the effect of dichloroethane 
on liver ascorbic acid content immediately after exposure, and 24 hours after, shows that T = 3.6. It is of con- 
siderable interest that 24 hours after exposure there is a significant rise in the ascorbic acid content of the walls 
of the smallintestine, with a far smaller range of individual variations (m = 1.4), as compared with the reaction 
found immediately after exposure, This reaction of the thin intestine suggests the possibility that dichloroethane 
or its transformation products may be excreted into the intestine. 


The reaction of the kidneys is of interest, from this point of view. We could find no significant difference 
either, immediately after exposure, or 24 hours later, between the ascorbic acid contents of the kidneys of the 
test animals and of the control group; comparison of the results found immediately after exposure with those 
found 24 hours revealed, however, a significant difference (T = 3.5). It might hence be supposed that the dyna- 
mics of the reaction are such that the maximum change in ascorbic acid concentration takes place at some time 
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less than 24 hours, for which reason we were unable to detect the corresponding reaction in the kidneys, 


The reaction of the Mood and central nervous systems, as well as of the myocardium, remainec at the 
same high level at the end of the 24 hour interval. 


The reaction found in rat exposed to a concentration of 10 mg of dichloroethane, and killed immediately 
after, was the same as foe the higher dosage level of 20 mg per liter, as regards the organs involved, but the 
intensity of rhe reactions was smaller, approaching those found in rats killed 24 hours after exposure to the higher 


dosage level. 


Repeated exposure to low concentrations of dichloroethane (0.3 mg per liter) did not cause any changes 
in the ascorbic acid content of the organs examined, A very pronounced rise in ascorbic acid content was, how- 
ever, found in the group ef rats subjected to repeated expsoure to concentrations of 0,6 mg of dichloroethane 
per liter, pointing to the toxic action of this concentration, 


A comparison of our findings with published experimental data on the pathological changes produced by 
dichlorcethane affords support to our views, 


Thus Heppel, Neal et al., [7] found that rats poisoned with dichloroethane exhibited macroscopically 
evident hepatic hyperemia, and hyperemia with pin-point hermorrhages in the gastrointestinal mucosa; histolo- 
gical examination revealed degenerative changes in the kidneys, liver, and myocardium, Spenser, Rowe, et al., 
[8] showed that the most pronounced histological changes were in the kidneys, with smaller ones in the liver 
aud lungs; they also cepexted biochemical changes in the blood. Larionov [4] found severe degenerative changes 
in the liver, kidneys, spleen, and heart of mice. 


Thus our conclusions, based on a study of the dynamics of changes in distribution of ascorbic acid 
in various organs of rats poisoned with dichloroethane, are in agreement with published pathomorphological 
observations and studies of Slood composition of rats subjected to the action of dichloroethane. 


SUMMARY 


The rate of biosynthesis of ascorbic acid and the changes of its concentration in the organs of rats 
was studied. It wasdemonstrated that dichloroethane causes increased expenditure of »scorbic acid in the or- 
ganism of these animals. Dichloroethane, likewise, causes the immediate reaction of the liver, the central 
nervous system, the blow amd the cardiac muscles, Intestines and kidneys respond later, Their reaction Is 
manifested by increased content of ascorbic acid in these organs. This effect is still present 24 hours after 
a single inhalation of dichloroethane during 2 hours. 
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EXPERIMENTAL STUDIES ON DETOXICATION OF MERCURY SALTS BY 
MEANS OF ETHYLENEDIAMINETETRA-ACETIC ACID 
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(Received February 21, 1957, Presented by Prof. S. V. Anichkov, Member AMS USSR) 


Ethylenediaminetetraacetic acid (EDTA) reacts with the ions of many heavy metals, forming stable 
water-soluble complexes, aud in this way it inactivates the metals, and facilitates their elimination from the 
organism, This property has led to its application to the treatment of heavy metal poisoning: lead (6, 13, 14), 
vanadium (12) (Mitchell, 1953), plutonium [10], manganese (Radier, 1954), and others, and for the tnactiva- 
tion of cobalt (3, 8) (Child, 1951, Belgova, 1956) and cadmium [2], and for acceleration of elimination of 
radioactive elements fron the body, such as yttrium (9, 15}. 


The object of the present research was to Investigate the possibility of inactivating mercury fons by means 
of EDTA, and to find the necessary quantitative ratios between EDTA and mercury; this problem has not been 


elucidated in the literature. 


For this purpose we selected experimental conditions such that biologically detectable amounts of mer- 
cury ion were as small as possible, in order to facilitate the determination of the ratio of EDTA to mercury 
needed to suppress the toxic action of the latter, A suitable experimental procedure was to prevent develop- 
ment of carbocholine effects on frog heart by means of one of the salts of mercury (mercuric chloride) [1). 


The reactivity of an isolated froy*s heart to the same concentration of carbocholine (1; 4,000,000 — 
100,000,000) was tested 3 times in each experiment (the carbocholine test), 


First carbocholine test. After recording contractions of the heart for 5-10 minutes carbocholine was in- 
troduced into the cannula, causing either a reduction of the amplitude of the contractions, or their total arrest, 
The heart was then washed out with Ringer solution for a minute, to remove carbocholine, Second carbocho- 
line test; after the amplitude of the contractions had returned to the initial level calclum EDTA was introduced 
into the cannula (concentration, 1: 10,000 — 20,000), followed after 5-10 minutes by a mercuric chloride solu- 
tion (1: 1,100,000); in some experiments mixtures of mercuric chloride and EDTA solutions, of the above con- 
centrations, were made 20-60 minutes earlier, and were added to the perfusion fluid. Reactivity of the heart 
to carbocholine was again tested (for 1 minute), 10-15 minutes after perfusion with mercuric chloride or mer- 
curic chloride-EDTA mixture, The extent of inactivation of the mercury ion by EDTA was assessed from the 
intensity of the carbocholine reaction; if it approached that of the first test it followed that the mercuric chlo- 
ride effect was abolished, indicating binding of mercury ions, while if the carbocholine reaction was weakened 
or abolished it followed that mercury ions were present. 


Third carbocholine test; this was performed after washing out EDTA, mercuric chloride, and carbocholine. 
Mercuric chloride was perfused, at the same concentration as in the preceding experiment, and was followed 
after 10-15 minutes by carbocholine, The carbocholine reaction was either absent, or was very weak, in this 
test. The mercuric chloride reaction was irreversible, and for this reason this test had to be the last of each 
series. The third test was not performed in many of the experiments, when the second carbocholine reaction 
was found to be suppressed, 


a 
=, 
‘ea . 
ie 
: 
a 
° 
4 
a 
g 
4 1103 


In all, we performed 20 experiments, involving 62 tests, 


The molar proportions of EDTA to mercuric chloride were 6, 12, 24, 48, and 120, 


EXPERIMENTAL RESULTS 


Statistical treatment of the experimental data showed that the effect of mercuric chloride is abolished 
whea the molar ratio of EDTAto mercuric chloride is 120:1. Inactivation of mercuric chloride is not observed 
when this ratio is lowered to 48:1, 


The results found for the isolated heart preparation led us to investigate the possibility of applying EDTA 
to inactivation of mercury fons in the intact organism, These experiments were performed on 50 adolescent 
female albino mice, weighing 18-22 g. Mercuric chloride was given by intraperitoneal injection, at a dosage 
level of 10 hg per g body weight, and calcium EDTA. by Intravenous Injection (dose, 400 ug/g) or subcutane- 
ously (dose, 1 mg/g). The respective molar ratios of EDTA to mercuric chloride,were, accordingly, 60:1 and 
100:1. At these dosage levels, calcium EDTA alone does not produce any toxic symptoms in mice (10 mice). 
Injection of mercuric chloride alone, to a control group, caused the death of the animals within 2-3 days, with 
symptoms of acute apnea (10 mice). Previous administration of EDTA (20-30 minutes before mercuric chloride) 
did not prevent the death of the animals (30 mice), 


DISCUSSION OF RESULTS 


The toxic effect of mercuric chloride on an isolated frog*s heart was abolished if it had previously been 
mixed with EDTA, or if the heart had previously been perfused with EDTA, This could only be achieved, how- 
ever, by the use of a considerable excess of EDTA (120 M EDTA : M HgCl,). Inactivation of the mercury lon 
could not be achieved in the whole organism by injection of EDTA in approximately the same molar propor- 
uons. 


Our results indicate that EDTA binds mercury ions much less firmly than it does other metals. Thus we 
have shown in earlier papers that cadmium (2) and cobalt{3) are inactivated by EDTA at molar ratios of 1 and 
2, respectively. It is known, on the other hand, that the toxic effects of mercuric chloride can be avolished by 
compounds containing sulfhydryl groups, such as mercaptosuccinate [1, 5, 11} and cysteine (4). It may hence 
be concluded that mercury ien is much more firmly bound by sulfhydryl groups, for which reason compounds 
containing such groups are better antidotes to mercury poisoning than is EDTA. This view is supported by the 
findings of Bell (1955), who studied the effects of EDTA and dimercaprol (BAL) on elimination of mercury and 
lead in a case of chronic poisoning. EDTA caused a slight fall in excretion of mercury, whereas dimerczprol 
greatly increased it, 


SUMMARY 


It was experimentally proved that mercury may be fixated with the aid of ethylendiaminetetraacetic 
acid. The latter, likewise, promotes excretion of mercury from the body. It was established in experiments 
on isolated frog's heart that the ratio of the quantity of sublimate and ethylendiaminetetraacetic acid should 
be 1: 120 for total fixation of mercury. However, it was impossible to fixate mercury in the intact organism, 
even in presence of this ratio, 
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MICROBIOLOGY AND IMMUNITY 


ON THE PARTICIPATION OF THE RENAL TUBULE IN THE MECHANISM OF 


EXCRETION OF DYSENTERY ANTIGENS BY THE KIDNEY 


M. I. Undritsov 


From the Department of Pathological (hysiology (Chairman: Corresponding Member 
Acad. Med. Sci. USSR Prof, A. D, Ado) of the Second I, V. Stalin Moscow Medical Institute * 


(Received November 30, 1956. Presented by Academician L, A, Zilber) 


The fact that the kidneys excrete many large molecular substances (serum proteins, dextrins, complete 
antigens, bacteria of the enteric group and others) can be regarded as established at the present time (3, 13, 16, 


18, 19, 20}. 


Terry, Sandrock, Hye and Whipple [20] and Addis (11) suggest that plasma proteins pass through the glo- 
merular membrane and when the function of the renal tubule is normal are completely reabsorbed In its proxi- 
mal regions. Under conditions of increased plasma protein concenwation (10-11%), a larger amount of protein, 
having passed the glomerular membrane, is not completely reabsorbed, and a significant portion of it appears 
in the urine. The amount of protein in the glomerular filtrate of a man is estimated at 50 g per day, and the 
concentration in the filtrate as 0.03 (3, 18}. 


There are data on the influence of the immunological state of the body on the excretion of many antigens 
and viruses [1, 4, 5, 8, 10}. 


N. B. Yafarova [16] suggested a role of the tubvles in the excretion of dysentery antigens by the rabbit, 
considering that it is secreted by the epithelium of the renal tubules, 


In the present study we attacked the following problems; 1) to estimate the excretion of dysentery antigens 
by the kidneys of the dog, 2) to elucidate the influence of changes in diuresis on the extent of excretion of dy- 
sentery antigen, 3) to study the influence of maximum reabsorption of glucose on the excretion of dysentery 
antigen, 4) to elucidate the influence of dysentery antigen on the reabsorption of glucose, 5) to determine the 
influence of change in the immunological state of dogs on the processes just mentioned, 


EXPERIMENTAL METHODS 


Dogs weighing 8 to 18 kg were used as the experimental animals. The investigations were made during 
a prolonged experiment on 16 dogs. About an hour before the start of administration of the antigen the dogs 
were given a water load of 40-45 ml per kg body weight. Before administration of the antigen blood and urine 
samples were taken. We administered the antigen in the amount of 0.1-0.4 mg per kg of body weight in a solu- 
tion of 500-800 ml sodium thiosulfate or glucose, The substance under investigation was given by Intravenous 
drip during the course of each experiment. The experiment consisted of 5-6 clearance periods of 10-20 minutes 
each. The bladder was emptied by catheterization or the urine was collected through a Pavlov-Orbeli fistula. 
In the middle of the clearing period blood was taken. 


The concentration of thiosulfate in the bllod and urine was determined iodometically, and the amount . 
of antigen in the blood and urine was determined by complement fixation in the cold, 


The immune serum used in the reactions was a polyvalent precipitating anti-dysentery serum with a titer 
of 1; 800,000, obtained from the Moscow Municipal Bacteriological Institute; it had a complement-fixing titer 
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of 1; 2,000,000. Using this serum, It would have been possible to detect in 1 ml of the fluid being investigated 
0.0000005 g or 0.0005 mg of antigen. The amount of glomerular reabsorption of glucose was calculated from 


the formula 


Rg = Pg. Ot — Mg. D (mg/min.) 


where Rg is the reabsorption of glucose, Pg the plasma glucose in mg%, Ot the thiosulfate clearance, Mg the 
urine glucose in mg%, and D minutes of diuresis, 


The investigations began with the excretion of dysentery antigens by 9 dogs which had not been immunized, 
and 6 dogs !mmunized with dysentery vaccine, The results of the experiment are presented in Table 1, and 
agree with the data from the Investigations of N, B, Yafarova, A. A. Polner and I, M. Khakberdyev (1956); 


In the following series of experiments, with the alm of elucidating the role of the glomerular capsule and 
the renal tubule in the process of excretion of dysentery antigen by the kidney, we carried out experiments with 
different water loads, i.e., the infusion of 300 to 800 m1 of sodium thiosulfate solution along with the antigen, 


EXPERIMENTAL RESULTS 


The results of the experiments are shown in the accompanying figure. 


As isseen from the figure, increased diuresis in the un- 

: immunized dogs produced a negligible increase inexcretion 
ofthe antigen, When diuresis was 2,3-2.75 ml/min. the ex- 
cretion of antigen per minute was 0,009- 0,005 mg; when di- 
uresis was increased to 5-6 ml/min, the amount of antigenex- 

a creted was 0,005-0,006 mg/min, Whatexplains such an in- 


Dog significant increase of antigen excretion when diuresis is in- 
3 ) 6 a Volnushka creased 2-3times? Experiments showed that increase of 
diuresis in the unimmunized dogs was accompanied by ade- 
c ” 0 ® Vern crease in the concentration of the indicator substance, 
fs = 2 @ Polkan With diuresis of 2.3-2.5 mY min., the concentration 
= 3 3 of the indicator substance reached 9.5, with diuresis 
g g 3 increased to 5-6 ml/min. the concentration of the 
‘aa E& indicator fell in 2 cases to 0.25, In the immunized 
dogs increase in diuresis exhibited a positive effect 
3 | on the elimination of dysencery antigens by the body, 
Gy This was confirmed by repeated experiments on the 
same animals (Volnushka, Polkan, Verny, Enisei, Yarik; 
see Figure), 
oe During relatively low diuresis (2.25-3.5 ml/min.) 


and with indicator concentrations equal to unity, clear- 
ance of antigen varied within range 2,43-4.5 ml/min,, 
and under conditions of increased diuresis (4-6.6 ml/min) 
amounted to 4-6.6 ml/min., (see Figure). The concen- 
trations of the indicator, in spite of considerable in- 
Effect of change in diuresis on antigen clearance, creases in diuresis, did not decrease, 


2 
Diuresis (in ml/min.) 


It must be pointed out that raising the water load 
increase of diusesis are not accompanied by any significant change in the glomerular filtrate. From this it may 
be conjectured that the increase in excretion of antigen, observed when the water load Is raised, is connected 
first of all with the activity of the tubules, This conjecture is supported by the fact of considerable activitation 
of antigen excretion by increased diuresis, especially in immunized animals (see Figure), 


The influence of maximum secretion of para-aminohippuric acid of maximum reabsorption of glucose 
on reabsorption of ascorbic acid was demonstrated by the investigations of Selkurt, 1944, 


Pitts, 1944, established a blocking of the reabsorption of ceratin by increased reabsorption of glycine, 
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On the basis of these investigations one may suggest the possibility of a reciprocal effect of antigen and 
glucose on their excretion by the kidneys. With the object of elucidating this we carried out the experiments 
of the following series. It is well known that glucose In concentrations below its threshold value is completely 
reabsorbed and not excreted in the urine. In otder to make possible an estimate of the speed of excretion we 
maintained concentrations of glucose in the blood of the order of 400-463 mg%. 


We carried out the experiments on 6 unimmunized and 6 immunized dogs. The studies carried out to 
invesugate the effect of antigen on the reabsorption of glucose are presented In Table 2, From Table 2 it Is 
evident that in unirnmunized dogs the excretion of glucose in the urine amounted to 401.4-406.3 mg /min., 
while the reabsorption varied from 347.8 to 385.1 mg/min., i.e., somewhat exceeded the maximum reabsorp- 
tion of glucose established by Shannon, Farber and Troast (1941). 


Evidently antigen, when first introduced into the body, stimulates the reabsorbing system of the kidney 
aod exalts the processes of absorption. In immunized dogs, under the influence of dysentery antigens the maxi- 
mum reabsorption of glucose declined about 30-33% on the basis of the data of Shannon, and amounted to 162.8- 


247.65 mg/min, 


Study of the influence of maximum reabsorption of glucose on the excretion of dysentery antigens by the 
kidney revealed several peculasities of the proccss of clearing the body of antigen, 


Excretion of dysentery antigens by the kidneys of unimmunized dogs under conditions of maximum reab- 
sorption of glucose was accomplished at 2 rate 3-4 times that in control experiments and amounted to 0,.017- 
0.012 ml/min. The concentration index of the antigen, in spite of the 2-2'4 fold increase in diuresis, did not 
decrease, Antigen clearance reached 4.3-4.5 ml/min., exceeding that in control experiments 3-4 times (see 
Table 2). Our experiments showed that maximum reabsorption of glucose increases the excretion of antigen 
by he kidneys of unimmunized dogs 3-4 times, In dogs immunized witn dysentery vaccine the excretion of 
antigen by the kidneys during maximum reabsorption of glucose reached 0.075-0.096 ml/min. and was in- 


creased 2-3 times in comparison with control experiments. 


In spite of the elevated diuresis, leading to glycosuria, the concentration index of the dysentery antigen 
remained equal to unity. Antigen clearance varied from 9.4 to 12.9 ml/min. 


On the basis of study of the results of tie experiments of the series we suggest that maximum reabsorption 
of Doucose, producing an overload of sugar, promotes increased excretion of antigen by the kidneys of unimmu- 
nized and immunized dogs. 

Investigation of the variations in filtration by the clearing coefficient ef sodium thiosulfate reveals some 
depression. It might be suggested that complicated phenomena of reabsorption and secretion of antigen take 
place simultaneously in the glomerular apparatus of the kidneys, similar for example to the excretion of urea. 
If a determining importance of reabsorption is recognized, then we should admit the possibility of significant 
filwation of antigen through the capsular membrane, 


However, accceding to the available data of Wallenius (1954) and Giebish, Lauson and Pitts (1954) fil- 
tration of the macromolecular fractions is inversely proportional to the molecular weight. The proteins of 
hurman blood plasma, having molecular weights from 35,000 to 170,000, appear in the filtrate up to 0.03%, 
It may be supposed that the dysentery antigen, consisting of various fractions with molecular weights from id 
to id* and less, behaves in the blood as a substance consisting of various amounts of fractions with the above 
mentioned high molecular weights. If we assume that 1/10 of the total antigen present in the blood falls into 


the fraction having molecular weights of 10° and less, then the amount of antigen appearing the glomerular 
filtrate amounts to about 1/2000 of that found in the plasms (Webster, Sagin, Anderson, Breese, Freeman and 


Landy, 1953). 

On this assumption, as is seen from Table 2, the amount of antigen filtering through in one minute is 
several times smaller than the amount excreted in the final urine in the same time. Under the stated condition 
of antigen filuation, in unimmunized dogs the amount of antigen excreted in the final urine is 13.2 times the 
amount in the filmate. In immunized dogs the ratio of the excreted and filtered antigen rises to 61.9. 


From this there arises the necessity of admitting the existence of a second mechanism ofsecretion of anti- 
gea, i.e., its secretion by the epithelium of the renal tubules, similar to the excretion by the kidney of colloidal 
dyes and molecularly dispersed substances (phenol red, uric acid, phosphate, penicillin, para-aminohippuric 
acid, and others). 
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Secretion of antigen by the cells of the renal rubules of unimmuntized and immunized animals is signifi- 
cantly different. Before immunization secretion exceeded filtration of antigen 10-13 times, In immunized dogs 
secretion was 50-60 times filtration, 


The phenomenon of depression of maximum reabsorption of glucose under the influence of dysentery ant- 
gen, found by us, may be regarded as a partial blocking of tubular reabsorption of gluccse, brought about by an 
increase in secretion of dysentery antigens by the epithelium of the renal tubules, similar to the relattons found, 
br example, in studying the influence of secretion of para-aminohippuric acid on the reabsorption of ascorbic 
acid (Selkurt and others), 


SUMMARY 


In 56% of cases primary introduction of dysentery antigen to unimmunized dogs was accompanied by slight 
2 excretion of antigens. Excretion of antigens by kidneys after immunization was accelerated by 5-6 times, In- 
+ creased diuresis in immunized dogs increased antigen excretion correspondingly. Prior to immunization, acce- 
a lerated diuresis decreased the concentration index, the antigen excretion not being pronounced, Glucose loading, 


of the glomerular apparatus, 


e. instituted to maximal reabsorption, increased dysentery antigen excretion, The dysentery antigen depressed the 
: & maximal reabsorption of glucose in immunized dogs. A certain relation in connection with increased dysentery 
a antigen excretion by kidneys in the process of immunization may be attributed to functional changes of cells 
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EFFECT OF CERTAIN ANTIBIOTICS ON ACTIVE IMMUNITY IN WHITE MICE 


N. V. Chumachenko 


From the Chemotherapy Division (Chairman — Corresponding Member of the Acad, Med. Sci, USSR 
Prof, Kh, Kh, Planeles) of the Institute of Pharmacology and Chemotherapy (Director — Active 
Member of the USSR Acad. Med, Sci. V. V. Zakusov) of the USSR Acad. Med, Sci., Moscow 


(Received December 30, 1956. Presented by Active Member of the USSR 
Acad. Med. Sci. V. D. Timokov ) 


The question of the influence of antibiotics on the immunological processes of the body acquires a greater 
significance in connection with the wide use of these preparations in the treatrnent of a whole series of infec- 
tious diseases, 


The extensive literature devoted to the study of the influence of antibiotics on the production of and- 
bodies hardly touches cn the question of the effect of antibiotics on the survival of vaccinated animals infected 
with a virulent strain of a pathogen infectious for them. 


Having established in previous work [1, 3] that prolonged administration of a number of antibiotics acts 
unfavorably on the production and circulation In the blood of agglutinins, we decided to investigate whether 
this demonstrates an influence of these substances on the production of active immunity in white mice, With 
this aim in mind we selected penicillin, sweptomycin, syntomycin and its levo- and dextrorotatory components, 
levomycetin and dextromycetin, 


EXPERIMENTAL METHODS 


We divided mice weighing 18-20 g into 3 groups In each experiment. The mice of the first (experimen- 
tal) group were vaccinated by three injections of killed typhoid vaccine, obtained from the N, F, Gamaleya In- 
stitute, in doses of 100, 200, and 200 million microbes at intervals of 7 days. The mice also received at the 
same time as the vaccine one of the antibiotics being studied, 


The mice of the second (control) group were vaccinated only. 


To the third (control) group belonged the mice receiving only the antibiotic being investigated (without 
vaccination). This control group was designed to reveal whether merely the injection of the antiblotic might 
produce some effect on the survival of the mice after infection. 


We administered the syntomycin, levomycetin and dextromycetin to mice by mouth in 0.5 ml of a 1% 
starch solution from a special dispenser, twice a day daily, in the amount of 4 mg of the material per mouse, 


The vaccinated contro] mice received only pure starch. We administered the penicillin and streptomycin 
in distilled water in the amount of 1000 units per mouse. At the end of the course of vaccination the mice re- 
ceived the preparation under investigation in the course of a further 10 days, but 2 days before infection the 
administration of the antiblotics was stopped, and the mice infected by intraperitoneal injection of typhoid 
culture. 


In order to make sure that at the time of infection the bodies of the mice did not contain antibiotics in 
concentrations sufficient to protect them from the action of the injected microbes, we determined the presence 
of these substances in the liver and blood serum of the mice. 
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TABLE 1 


Effect of Antibiotics on Microbial Growth 


Standard 


concenuations (in gainma) 


dilutions 


Antibioudc 


+++ rt 


TT 
TT 


Dextromycin 


Syntomycin 
Levomyceuin 
Penicillin 


Streptomycin 


We ground up the liver In a sterile mortar with 
quartz sand and physiological saline In the proportions 
of 1 ml saline to 1 g liver. We centrifuged the emul- 
sion, transferred 0,2 ml of the supernatant fluid to a 
test tube containing 0.2 ml of Hiss* medium with glu- 
cose infected with the test organism (Staphylococcus in 
titrating penicillin and enteric bacilli in tivating suwep- 
tomycin and syntomycin), We tnocculated the Hiss 
medium by adding 250,000 bacilli to 1 ml. We carried | 
out the titrations by the method of serial dilutions. 


Serum of blood taken from the mice by cardiac 
puncture was titrated for the property mentioned above, 
As a control we took the antibiotic under investigation 
in the amount of 10 y of the substance for the initial 
dilution. In all 12 dilutions were made, starting with 
a 1:2. We placed the test tubes in the thermostat for 
18 hours, then determined the presence or absence of 
the antibiotic by the change In color of the Hiss medium 
which attested growth of the microbes, 


EXPERIMENTAL RESULTS 


As is seen from Table 1, about 24 hours after com- 
pletion of the administration of the antibiotics they are 
already not demonstrable in the liver and serum, 


Thus we were able to infect the experimental and 
control animals without fear that the chemotherapeutic 
preparation was still circulating in their bodies, 


The principal requirement, without which it would 
not be possible to set up experiments to detect active 
immunity, is the availability of a pathogen, in particular 
typhoid, of a strain of sufficiently high virulence. But 
even when infecting with strains of high virulence, the 
numbers of microorganisms required to bring about the 
death of the experimental animal sometimes reach very 
high figures (hundreds of millions), It must accordingly 
be admitted that the death of mice, when such colossal 
doses of cuiture are employed, depends to a significant 
degree upon the intoxication produced by the typhoid 
endotoxin which is liberated when the microorganisms 
distntegrate (6). 


This fact explains the desire to increase the: viru- 
lence of the microorganisms so as to reduce as much as 
possible the amount of them introduced. 


In our method of infecting mice we used a young 
broth culture. We used a 4-hour broth culture, since 
according to the findings of Craigie and Brandon (4) 
Khristova-Baldina (2), and others this culture contains 
the largest proportion of V-forms, i.e., forms with the 
high virulence; in addition, we added to the broth 0.5% . 
glucose, which stimulated the development of the bac- 
teria and promoted the accumulation of the Vi antigen 
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TABLE 2 


Survival of Mice Following Treatment with Antibiotics 


Number of mice 
surviving (actual 


numbers) 


Group of animals 


1, Experiment 
Vaccinated mice re- 
celving antiblotic 


Syntomycin 100 50. 

Levomycetin 100 70 

Dextromy 90 9 

Penicillin 90 9 

Streptomycin 80 16 
2. Experiment 

Vaccinated mice ico 70 
3. Control 


Mice receiving, only 


Syntomycin 9 
Levomycetin 25 1 
Dextromycetin 
Penicillin 


Streptomycin 


To infect the mice In a conclusive experiment we employed strain 4446, the MLD of which was 0.125 
ml of a 4-hour broth culture, which contained approximately 120 million microorganisms, After infection the 
mice were kept under observation for 5 days, 


In the results of the experiments we carried out,the following was obtained (Table 2). Mice which had 
received only antibiotic succumbed after infection in 10% of the cases during the 5 day period, f.e., none of 
the antibiotics used showed any protective action against the infection which followed, Thirty percent of the 
control mice, merely vaccinated with typhoid vaccine and not receiving antiblotics, succumbed; the same per 
cent of the mice receiving levomycetin succumbed, as of the controls, but with the difference that death occur- 
ed somewhat earller in this group, t.e., the mice died after about 24 hours, while the controls died in the course 
of 3 days. 


In the experiment using syntomycin 50% of the mice died, and in the group receiving dextromycin, 90%. 


Thus on the basis of these data it may be suggested that prolonged application of levomycetin does not 
exert any important influence on the building up of immunity in white mice. 


The application of syntomycin, and especially dextromycetin, hinders the development of immunity. 
These results make possible the suggestion that the negative influence of syntomycin depends on {ts levorotatory 
inactive component, In experiments in, which penicillin was used 90% of the animals succumbed, and in ex- 
periments in which streptomycin was used, 80%, which clearly demonstrates the inhibitory action of these pre- 
parations on immunogenesis In experimental animals, 


SUMMARY 


Certain antibiotics exert a negative influence on the production of active immunity by white mice {m- 
munized with killed typhoid vaccine, During the course of {immunization various antibiotics were administered 
and mortalities of the various groups of mice, following experimental infection, recorded, If syntomycin were 
given 50% of the mice died, if dextromycin, 90%, penicillin, 90%, streptomycin 80%; 30% of the control group 
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and the group receiving levomycetin died. However the latter succumbed in 24 hours, while those in the control 


group died after 3 days, 
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ACTION OF NOVOEMBIKHINE*® ON COMPLEMENT AND PRODUCTION OF 
AGGLUTININS AND PRECIPITINS IN ANIMALS 
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From the Laboratory of Experimental Chemotherapy (Head — Corresponding Member AMN 
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of the Institute for Experimental Pathology and Cancer Therapy, (Director — Corresponding 
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(Received June 1, 1956, Presented by Active Member of the AMN SSSR L. A, Zilber) 


Preparations of the chlorethylamine group (embikhine® and others) are employed in the treatment of 
proliferative diseases of the hematopoietic system (lymphogranulomatosis, leukosis) and with some malignant 
tumors, In small doses the chlorethylamines may be employed in nonhyperplastic diseases, for example in 
bronchial asthma [2], and in other internal, infectious and nervous diseases [1]. Obviously the mechanism of 
iction of chiorethylamines {!s complicated and varied. The suggestion has been made that chlorethylamines 
in small doses may exert a stimulating action on the protective and compensatory reaction of the body [3]. 
However, this aspect of the action of chlorethylamines has been studied very little. 


The purpose of the work presented here was to investigate the action of the parent compound of a group 
of chlorethylamines, novoembikhine [4], on complement and the production of agglutinins and recipitins, 


The data on this question in the literature apply only to large doses and boil down to this; 


Watkirs and Wormall [7, 8] showed that embikhine In large dose (0.5-2.8 mg/kg) exerts an inactivating 
iction on complement. Bukants, Dammin, Wilson, Johnson and Alexander [5) established that periodic Inua- 
venous injection of embikhine in large dose inhibits the productioa of antibodies, as well as the development 
of the vascular disease of rabbits which was produced by the intravenous injection of a massive dose of horse 
serum, Spurr [6] came to the conclusion that “a single preliminary injection of embikhine (0.5-1 mg/kg) into 
rabbits represses the production of antibodies in response to typhoid antigen.® 


EXPERIMENTAL RESULTS 


Influexce of novoembikhine. Experiments on normal animals interested us especially, as contrary to the 
study of this question in the clinic, in normal animals there {s excluded the influence of pathological processes, 
which themseives depress the complement function of the serum in nearly all diseases, 


Our preliminary experiments in vivo were carried out on rabbits to which, in the course of other experi- 
ments we administered novoembikhine about 1-10 jays before determining the titer of complement. Further 
experiments were carried out with the complement of 25 rabbits, to which we administered, about 24 and 48 
hours, about 4 2nd 10 days before, our usual dose of (1.5 mg/kg). In these experiments the complement titer 
was higher in a significant portion of the rabbits than in the controls. 


After this a special experiment was set up with 5 rabbits, whose complement titer was determined three 
times during the 9 days before the administration of novoembikhine and four times afterward (Fig. 1). 


From Figure 1 it Is seen that the absolute complement titers before the administration of embikhine in 
the first three experiments varied significantly (from 0.16 to 0.08 ml), but in spite of this, in all 5 experiments 


* Transliteration of Russian — Probably Russian trade name — Publisher‘s note. 
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they were more often average (0.1-0.12 ml) of lower (0,14-0.16), After the administration of novoembikhine 
the absolute titers of complement in all 5 experiments were more stable and not so high, namely fn the range 
0.06-0,08 ml (see the first three titrations), Experiment No. 1 (Rabbit No. 961) is an exception, where a high 
titer of complement in the first three titrations (0,02- 0.04) fell to 0.16 in the third titration, which Is possibly 


connected with some special moment, 


complement dter_ 

elim. P prelim. relim. 

embikbine /en.b.khine | embikhine embikhine 
0.8 


Elevation of complement uter 


bbit No. $69 970 968 965 
----- be fare embikhine after embikhine 


Fig. 1. Effect of novoembikhine on complement liter in rabbits (in vivo), 
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In all experiments the initial dilution of complement for the titrations was a 1;1 dilution of rabbit serum 
in physiological saline. The tiation of complement was carried out in a volume of 1 ml according to the 
usual scheme. We added complement to a series of test tubes in steps of 0.02, that Is 0.02, 0.04, 0.06, 0.08, 
etc.; hemolysin in wiple titer, erythrocytes 1:40. The complement titer was determined 30 minutes after 30 
minutes exposure in the thermostat to 37°. 


Effect of novoembikhine on the production of agglutinins, Experiments were set up on 48 chinchilla 
rabbits weighing 2.5 and 3 ¥g. In the majority of experiments we administered the novoembikhine fn a single 
dose of 1.5 mg/kg (intavenously). Each series of experiments consisted of three grcups of animals; into one 
group we injected novoembikhine and antigen simyltaneously ; into the second, first we injected novoembikhine 
and after 4 days, antigen; into the third, first antigen, then after about 4 days novoembikhine. 
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Fig. 2. Influence of embikhine on the production of agglutinins in vari- 
ously arranged experiments. 
1) experiment, 2) control. 
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For the production of agglutinins we used typhoid diagnostic antigen, injected once subcutaneously, and 
to determine the resulting agglutinins we added 0,1 ml in each test tube to the corresponding dilution of serum, 
The aggiutination reaction was carried out in a volume of 1 ml, The reaction was estimated according to the 
characteristics of the precipitate at the bottom of the test tube, without shaking after the racks had been for two 
hours in the Incubator and then up to an hour in the refrigerator, 


In each experiment there were 5 experimental and 4 conwol rabbits, The results of the experiments are 
presented in Figure 2, 


From Figure 2 it is seen that on Injecting antigen (typhoid diagnostic: antigen)simultaneously with novo- 
embikhine or about 4 days after the injection of novoembikhine there is observed an inhibition of the produc- 
tion of agglutinins for the administered antigen, The interval of 4 days between injection of novoembikhine 
and antigen was chosen because in that time (on the 4th day) there is generally observed the maximum depres- 
sion of hematopolesis, shown by a decrease in the number of leukocytes, 


Novoembikhine and 
Antigea 


Novoembikhine 


Precipitin titer 


2 2 08 2B 22 228 
——— Experimental rabbits 
--- General controls for all experiments 
} Novoembikhine 
Antigen 


Fig..3. Influence of novoembikhine the production of precipitins following injection 
of single doses of novoembikhine, 1.5 mg/kg rabbit weight, and immunization with 
horse serum (2 injections), 1.5 ml per rabbit. On the left-antigen, after 4 days novo- 
embikhine; center, novoembikhine and antigen ee on the right, novo- 
eubithine, after 4 days antigen, 


We obtained different results in the other animals Into which we first injected antigen and then (also 4 
days later) novoembikhine, In these rabbits the agglutinin titer on the 14th and 21st day after injection of ~ 
antigen was higher than in rabbits to which we gave no novoerabikhine, 


In two other experiments in which we injected antigen at weekly Intervals, on the 14th day there was 
also observed some rise in antibody titer in the experimental animals, compared with the titer of the controls, 


Influence of novoembikhine on the production of precipitins. To produce precipitins we injected rabbits 
with unpreserved horse serum as antigen. 


For the determination of precipitins we used: the ring precipitin reaction, We heated the experimental 
sera to 56° for 3 minutes and diluted them 1; 2 with physiological saline. Readings were made after incubating 
30 minutes at 37°. 


The results of the experiments are presented in Fig. 2, from which it can be seen that fol!owing simul- 
taneous injection of antigen and novoembikhine there is observed a very sharp inhibition of antibody production; 
following injection of antigen about 4 days after novoembikhine there was noted an inhibition of precipitin 
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production, but It was definitely weaker, In an experiment in which novoembikhine was injected about 4 days 
after the antigen, after a period of some inhibition of precipitin production, on the 22nd day the precipitin titer 
was higher than in the controls, 


The data obtained confirm that when novoembikhine {fs Injected after the antigen there {s observed a 
temporary repression, then an Increase in antibody production, consequently under certain conditions novoem- 
bikhine may exert a stimulating action of the protective reaction of the body. These data, perhaps, may pos- 
sess practical interest for the production of Immune sera, although for this supplementary experiments are 
necessary. Inhibition of antibody production, obtained at first by simultaneous injection of antigen some days 
after administration of novoembikhine, evidently, is explained by a general Inhibition of body function for a 
few days after administration of the preparation, 


SUMMARY 


The effect of novoembikhine , t.e., di-(2-chlorcthyl)-2-chlorpropylamine, on the complement function 
of the serum as well as on production of agglutinins and precipitins was studied, Experiments were performed 
on heaithy rabbits. Novoembikhine was injected intravenously, 1.5 mg per kilogram of body weight, usually 
in a single dose, It was established that within 9 days following the Inuoduction of novoembikhine there is an 

increase and stabilization of the titer of the complement. This was compared with Its variations and activity 

in the same animals previous to introduction of this preparation. Depending on conditions of experiment novo- 
embikhine either inhibited or stimulated the production of agglutinins and precipitins. 
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ONCOLOGY 


CHANGES IN THE ANTIGENIC PROPERTIES OF TUMOR CELLS UNDER THE 
EFFECT OF X-RAYS IN VITRO 
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(Director — Active Member AMS USSR N,N, Zhukov-Verezhnikov), Institute of Experimental 
Biology (Director — Professor 1, N. Malsky), AMS USSR, Moscow 


(Received March 20, 1957. Presented by Active Member AMS USSR N,N, Zhukov-Verezhnikov) 


The question of the effect of lonizing radiation on the animal organism has been studied hy many iavesd- 
gators. 


L. F. Larionov [5] has presented data on the bicchemical changes of desoxyribonucledproteins under the 
effect of penetrating radiation; S. N. Aleksandrov [1] and N, V. Eltsina (2) observed changes in the rate of pro- 
tein synthesis and energy exchanges of tumor cells under the effect of x-rays; R. Abrams [7] B. Holmes and 
L. Mee [8] studied changes in protein metabolism of the animal organism exposed to jonizing radiation. 


N.N. Zhukov-Verezhnikov, I. N. Maisky and V. S. Gostev [3) put forward a sugyestion concerning the 
possibility of the appearance of new antigenic properties on subjection of tumor cells to penetrating radiation, 
R. V. Petrov and L. I, Iyina (6) observed changes in the antigenic properties of hepatic tissue elements and in- 
testinal mucosa of white rats exposed to total roentgen irradiation. L. A. Zilber, V. A. Artamonova, G. M. 

rank and A. D, Snezhko [4] report changes in the antigen composition of liver and spleen cells in rabbits fol- 
lowing ionizing irradiation, 


The present work Is concerned with the problem of whetherionizing radiation exerts any effect on the antigen 
properties of tumor cells, 


EXPERIMENTAL METHODS 


Experiments were carried out on Ehrlich's ascitic tumor cells (adenocarcinoma) irradiated in vitro with 
x-rays (dose 5000 r). 


The freshiy obtained ascitic cells were washed free of ascitic fluid with physiologic solution (three wash- 
ings), being each time spun in a centrifuge at 2000 rpm. The ‘vashed cells were placed in small agglutination 
test tubes of equal diameter which had been previously weighed, The weight of the ascitic cells in the test 
tibes was so adjusted that on addition of 2 ml physiologic solution, 0.4 ml of the obtained suspension contained, 
accarding to experimental conditions, 2, 6, 10, 20 mg etc. of ascitic cells, The test tubes with the tumor cells 
were stoppered tightly with rubber bungs and shaken. Half the prepared test tubes was subjected to x-ray irradia- 
tion for 10 minutes (current 10 mA, voltage 180kV, no filter, dose 500 r per minute).* The remaining test tubes 
served as controls. The viability of the irradiated cells was tested by subcutaneous inoculation of white mice, 


Changes in the antigenic properties of the cells under the effect of x-rays were studied by means of the 
anaphylactic reaction with desensitization, sensitization being effected subcutaneously and desensitization and 


the resolving administration — intracardially. 


The interval between sensitization and desensitization was 22-25 days; the intervals between repeated in- 
tracardiac Injections were 2 hours. Guinea pigs sensitized with irradiated Ehrlich's ascitic cells were 


* The irradiations were performed at the Radiobiologic Laboratory of the Institute of Normal and Pathologic 
Physiology, AMN SSSR, with consultant help of the Director, N. N. Lebedev. 


a 

4 

: 

1121 

— 


desensitized with non-irradiated ascitic cells, After checking for compiete desensitization, irradiated Ehrlich 
ascitic cells were administered as the resolving element, 


Guinea-pigs sensitized and desensitized with non-irradiated ascitic cells served as controls, as did guineas 
pigs which were used for testing the toxicity of the doses of preparations to be used for resolving. 


EXPERIMENTAL RESULTS 


As can be szen from the Table, guinea pigs sensitized with irradiated Ehriich’s ascitic cells did not show 
complete detensitization on administration of non-irradtated ascitic cells. 


TABLE 1 


Results of Active Anaphylaxis Reaction with Desensitization with Irradiated and Non- 
Irradiated Ehrlich’s Ascitic Cells 


Sensitiza- | Desensitization, Antigen — native ascitic cells Resolving admin~ 2 
tion. stration. Antigen 
Antigenr- [— irradiated ascitic 


{rradiated |1st administra~ 2nd administray 3rd admini- |4th admini- 


cells 


stration stration a. 
2 + 6 ++ 10 — 
2 6 +++ 10 
2 ++ 6 + 10 —_ 
2 6 10 
6 +++ 10 20 
6 +4 10 + 20 
6 | ++ | 10 — 
6 +44 10 ++ 20 = 
50 2.5 + 7.5 + 25 _ 50 a 
50 2.5 ++ 7.5 ++ 25 + 50 _ 7 
50 25) + | 7.5) +4 | — |] so] — 
Note; The guinea pigs which were used for testing the toxicity of the preparations 
used were not included in the Table since administration of irradiated and untreated o 


tumor cells in doses equal or even exceeding those used in resolving administrations 
did not elicit any discernible reaction in the animals. 


Signs: — absence of reaction; # occasional scratching of face and sneezing; + repeated 
scratching of face and sneezing; ++ the same plus coughing, unsteadiness; +++ the same 
plus convulsions, urinary and fecal incontinence, 


This suggests the conclusion that changes occur In the antigenic structure of Ehriich's tumor cells under 
the effect of tonizing radiation (in this case foentgen rays), New antigenic properties, absent in non-irradiated 
ascitic cells, would appear to arise under these conditions, | 


SUMMARY 


Complete desensitization of guinea pigs did not occur, if Ehrlich’s ascitic cells, not irradiated by x-rays, 
were introduced following sensitization of these animals by the ascitic cells, previously trradiated by x-rays 
(the dose being 5000 r). Evidently, there {s a change in the ant genic structure of Ehriich's tumor celis, which 
takes place under the effect of x-rays. 
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EXPERIMENTAL BIOLOGY 


INVESTIGATION OF PHYSIOLOGIC REGENERATION IN THE RAT SMALL 
INTESTINE FOLLOWING ITS PARTIAL RESECTION 
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Following resection of part of the intestine definite morphologic changes take place in the remaining part, 
viz. there is enlargement of the lumen, thickening of the mucosa and the annular muscular layer, hypertrophy 
of the tymphatic elements, increase in the number and size of villi (Monari [14], Stasov [9], Bornstein [13], 
Novikov [7). The stomach, ducdenum and the colon also participate in compensatory processes which occur 
after intestinal resection, Both the motor and secretory functions of these organs undergo changes: the passage 
of food along the gastro-intestinal tract is slowed (Stasov [9}, Lampert [4]). Mandzhgaladze [5] established on 
dogs that following partial resection of the intestine the solid part of the digestive juice secreted by the iso- 
lated part showed marked increase of activity of the main intestinal juice enzymes (enterokinase, phosphatase, 
saccharase), After resection of the lower part of the small intestine the isolated part of the intestine secretes 
juice in which the percentage of solid constitutents {s higher than prior to resection, 


Depsite the large number of papers devoted to “functional and hypertrophic compensation” (B. D. Stasov) 
which occurs after resection of part of the intestine, none of the investigators has carried out detailed analysis 
of the course of this process, restorative in character, or undertaken to clarify the mechanisms underlying it; 
nor has the functioning of the intestine during this period been studied, 


In approaching the study of restorative processes occurring in the intestine after resection we started with 
the concept that the enzyme-secreting function of the intestine was reflected morphologically in manifesta- 
tions of its physiologic regeneration (3}. The destructive phase of physiologic regeneration is reflected in ex- 
foliation and sloughing of epithelial cells and sheets into the humen of the intestine [8, 14], the sloughed epi- 
thelium, which constitutes the solid part of intestinal juice, forming the main source of the latter's enzymes 
(6, 10, 12). S.L. Blyakher [2] noticed that fasting rats showed predominance of sloughing and disintegration 
of epithelium whereas in the case of animals which had been fed the epithelial sheet was continuous. As 
regards restorative processes in intestinal epithelium, it has been established that the number of mitoses in the 
crypts of animals which had been fed and “conditionally fed" (teasing with food) increases as compared to, 
fasting animals (Khrushchev {11}, L. Ya. Blyakher (1). 


The problem with which the present communication is concerned was to discover how the physiologic 
regeneration of the intestine was altered following its partial resection and what were the restorative processes 
occurring in it during this period, 


Attention was mainly concentrated on the study of the restorative phase of physiologic regeneration, Com- 
parison was made of the number of mitoses in the intestinal crypts of fasting animals and those which had been 
fed, both unoperated and subjected to resection of 1/7th of the small intestine. Such a compatison made it 
possible to find out whether an increase of the number of mitoses in the crypts following feeding, such as was 
consistently seen in non-operated animals, also occurred in the operated ones, Moreover, an attempt was made 
to discover whether the operated rats preserved their ability to react to natural conditioned food stimuli by 
means of increasing number of mitoses in the crypts. 


4 
| 
a 
4 
. 
q 
q 
Hod 
4 
4 
3 


EXPERIMENTAL METHODS 


3 4 Experiments were performed on white rats weighing 200-250 g. Nine rats served as controls, the remain- 
> eg der (25 animals) were subjected to operation. The abdomen was opened under ether anesthesia and 8-10 cm of 
: “4 the Intestine was resected; this constituted 1/Cth-1/7th of its length. The anterlor limit of the resected portion 


always passed 3 cm below the point of passage through the mesocolon, “End to end® anastomosis was made with 
the help of silk sutures, The period of observation varied in different series, When the operated animals were 
sacrificed a length of intestine measuring 3 cm and including the anastomosis was dissected out; a length of 
intestine corresponding to the site of resecuion tn the experimental animals was removed from the control ani- 
mals when they were sacrificed, The tissues were fixed in Bouin's mixture and paraffin blocks were made, 
Sections 74 In thickness were stained with hematoxylin-eosin, Mitoses were counted in central longitudinal 
sections of 30-20 crypts; the average number of mitoses per crypt was calculated, 


EXPERIMENTAL RESULTS 


Six rats were sacrificed 10 days after operation; of these 3 had been fasting for 50 hours and 3 had fasted 
48 hours and were then fed during 2 hours. The number of mitoses above and below the anastomosis was counted 


(Table 1). 


TABLE 1 
Number of Mitoses per One Crypt 10 Days After Operation 


Number of rat 


above 
the ana- 
stomosis 


Nature of experiment 


Fasting for 50 hours 


Fasting for 48 hours + 
feeding for 2 hours 


As can be seen from Table 1 the average number of mitoses per one crypt was equal to 2.8 in fasting rats 
and 6.5 in animals which had been fed. The number of mitoses in the regions above and below the anastomosis 
was approximately the same. In the case of rat No. 2 (fed) the number of mitoses in both segments was the 
same and equalled 6.6; in rat No. 3 (fed) there were 6.7 mitoses per crypt in the anterior portion of the Intestine 
and 6.6 in the posterfor portion; In rat No. 3 (fasting) the number of mitoses was 2.7 in both portions of the in- 
testine. 


Microscopic examination of the villi showed that marked sloughing of epithelium was taking place in the 
operated fasting rats, whereas in the case of the animals which had been fed almost all the villi were covered 
by an uninterrupted sheet of epithellum, 


Analysis of data provided by the 10-day postoperative period reveals that the epithelium of the small in- 
testine mucosa reacts to fasting and intake of food similarly to normal as early as 10 days postoperatively. Ap- 
parently holocrine secretion of enzymes occurs In the anterior and posterior portions of the intestine, which fs 
comparable to events taking place in the unoperated animals, This can be deduced from the presence of approx- 
imately “qual numbers of mitoses in the crypts of these segments as well as from the morphological features 
of the villi characteristic for the normal. 


Consequently, 10 days postoperatively apparently no substantial changes In the processes of physiologic 
regeneration take place, 


Thirty days following operation 18 rats were sacrificed (9 operated and 9 control). Six rats (3 operated 
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and 3 control) had fasted for 50 hours, 6 had fasted 
for 48 hours and were then exposed for 2 hours to 
the sight and smell of food (kept under netting) 
which they could not reach, These formed the 
"conditionally fed® group of animals. In the ex- 
perimental rats the mitoses were counted In the 
segment above the anastomosis, Results of the 
mitotic counts are presented in Table 2, 


As Table 2 indicates, the average number of 
mitoses per one crypt in operated fasting animals 
is 3.0, in animals which had been fed 5.8 and con- 
ditionally fed ones 4,5; in unoperated rats the num- 
a re 60 ber of mitoses Is 3.9, 5.5, 5.0 respectively. The 
Days Post-operatively epithelium of the intestinal mucosa In the operated 
tn achiviny tn of rats thus reacts to intake of food or being “teased” 
WR by food In exactly the same way as that which fs 
characteristic for uncperated rats. Statistical treat- 
hee Yaga, ment of the data showed that the differences be- 
tween the values for fasting rats on the one hand 
and fedones on the other were beyond the limits of chance deviation. Investigation cairled out on conditionally 
fed animals demonstrated that the part of the small Intestine remaining after resection retained the ability to 
react in the usual manner to the regulating Influences of the control nervous system. 


Number of mitoses 


Two fasting and 2 fed rats were sacrificed on the 60th postoperative day (Table 3). 


As in the earller stages of the experiment, the intestinal epithelium was found to have reacted to intake 
of food by increasing numbers of mitoses, It 1s Interesting that In the fasting operated rats the number of mitoses 
was considerably increased by comparison with thelr number in fasting operated animals examined 10 and 30 
days after resection. This increase was statistically significant. The difference in the number of mitoses in 
the Intestinal crypts of the operated and unoperated rats can be interpreted as an indication of the presence of 
hypertrophy In the portion of the Intestine remaining after resection. This interpretation !s corfirrmed by mani- 
festations of hypertrophy, observed both macro- and microscopically. The external diameter of fixed intestine 
was measured, Measurements were made every 3 cm, 20 measurements on the average for every rat. The 
figures obtained are presented in Table 4, 


TABLE 2 
Number of Mitoses per one Crypt 30 Days after Operation 


Operated Unoperated 


Nature of experiment 
M1 | MS average | MI | MS laverage 


Fasting for 50 hours . 3.1 3.0 3.7 | 4.2 | 3.7 3.9 


ing for 48h 
feeding for 2 hours 6.75|5.45/5.2] 58 |5.8 |5.0]| 5.5 


Fasting for 48 hours + ; 
conditional feeding for 2 4.5 4.5 §.0 | 5.1 | 4.9 5.0 


hours 


It was found that the diameter of the intestine of fasting unoperated rats was equal, on the average, to 
2.7 mm and that of fasting operated rats 3.5 mm. In the case of animals which had been fed the figures were 
3.5 mm for unoperated rats and 4.3 mm for operated ones. The diameter of the intestine was thus Increased 
in the operated animals, Statistical examination of the differences in intestinal diameter showed that for fast- 
ing rats R = 5.8 and for fed rats R = 7.7. f.e., the differences were not chance. In order to discover how long 
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TABLE 3 intensified proliferation of epithelial cells in the 
small Intestine crypts persisted in the operated rats 
6 of the latter were examined 90 days after opera- 
tion, These rats were kept fasting for 50 hours 

. prior to being sacrificed, The number of mitoses 
Average in the crypts of these rats Is given in Table 5, 


Number Mitoses per one Crypt 60 Days afier Operation 


Nature of experi- 
ment 


Data shown In Table 5 indicate that 90 days 
after operation the number of mitoses in the in- 
4.9 testinal epithelium continues to be high, aithough 
some tendency to decrease begins to appear. 


Number of rat 


Pasting for 50 hours 


Fasting for 48 hours + 6.1 5.9 

feeding for 2 hours ; ween Data on the number of mitoses In fasting 
rats sacrificed at various periods are summarized 
in the figure, 


TABLE 4 


Rat Intestine Diameter (in millimeters) 


__Unoperated 
Mi | M2 


average average 


Postoperative days are marked along the abscissa, the average number of mitoses per one crypt — along 
the ordinate, The curve rises until the 60th day after operation, beginning to decline from then on, 


TABLE 5 
Number of Mitoses per one Crypt 90 Days after Operation 


On the basis of the data obtained it may be taken as established that the rat intestine, after resection 
of 1/7th of its length, shows definite reaction to unconditioned and conditioned food stimull quite soon after 
operation, the response manifesting itself by increased number of mitoses in the crypts. The increased number 
of such mitoses in fasting operated rats as compared with unoperated rats (fasting) can be taken as an indica- 
tion of enhanced functioning of the remaining intestine and hypertrophy of its mucosa, Following resection of 
part of the small intestine its remaining part thus shows the occurrence of restorative processes, 


SUMMARY 


1/7 part of small intestine was resected in 25 white rats in {ts superior portion, Intestines of rats reacted 
in 10-30 days after the operation by increased number of mitoses in response to unconditioned and conditioned 
food stimuli (as in normal condition), On the 60th day after the operation, the number of mitoses in the 

intestine of fasted operated rats was increased in comparison with fasted animals which were not operated, 


| 5.0 F 
Operated 
Rats 
ae Fasting 3.0 | 2.5 2.7 3.5 3.6 3.6 
a Fed | 3.4 3.3 3.4 4.5 4.2 4.4 
2] 5] © | Average 
No, of rat : 
Fasting for 50 hours 4.6] 4.0] 4.9] 2.8 3,8) 4.0 
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as well as in comparison with fasted operated rats, which were sacrificed earlier, Mitosis was still pronounced 
tn the intestine of operated rats in 90 days aftez intestinal resection, 
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MORPHOLOGY AND PATHOMORPHOLOGY 


THE ABSOLUTE NUMBER OF CELLS IN BONE MARROW AND MYELOGRAMS | 
OF NORMAL RABBITS 


N. V. Dikovinova 
Cenwal Institute of Hematology and Blood Transfusion, Moscow 


(Received April 12, 1957. Presented by Active Member AMS USSR V. V. Parin) 


In order to evaluate correctly the functional state of bone marrow It is necessary, in addition to appraisal 
of a myelogram, to know the absolute number of nucleated cells in unit volume or weight of bone marrow, 


The absolute number of nucleated cells is usually determined by counts on bone marrow obtained by 
211 laboratory animals are used for experiments it {s not always possible to make 
a puncture, In those experiments in which animals are sacrificed there 1s opportunity to take any part of bone 
marrow for analysis, The present work is concerned with determination of the absolute number of cells in bone 
narrow of experimental animals. 


EXPERIMENTAL METHODS 


Experiments were carried out on rabbits aged 4-6 months and weighing 2-2.4kg. When the animals 
were sacrificed, bone marrow was withdrawn from the long bones; it was placed on a watch-glass and crushed 
to a semi-fluid consistency, after which samples of 200 mg were taken, From each tissue sample diluted with 
5 acetic acid, a suspension of cells was prepared, using the following methods: 1) titration of the tissue with 
a pestle in a mortar with gradual addition of the diluting fluid; 2) treatment of the tissue sample mixed with 
the diluent in a Waring Blender apparatus fitted with a special blunt blade; 3) preparation of suspension in a 
glass homogenizer; 4) taking up of bone marrow into mixing vessel and shaking with the diluent. 


The cells were counted in a Goryaev chamber after a homogeneous suspension was obtained. Multiple 
examinations of bone ma-tow from 6 normal rabbits were carried out, using the methods cited for the prepara- 
tion of the suspension. 


The results obtained showed that the highest absolute number of cells and closest values (in parallel ex- 
aminations) were obtained whea the suspension was prepared in a glass homogenizer and In the Waring Blender 
type of apparatus, 


The suspension, when prepared by these methods, is more homogeneous, the cells are evenly distributed, 
the time taken to prepare the suspension is very much shorter (2 minutes) than that required for its preparation 
by hand, when the resultant suspension {1s less homogeneous and contains fewer cells. When the bone marrow 
is taken up in a mixing vessel the figures are often close to those obtained with preparation In a homogenizer, 
but in some cases this method tends to give results which are too low. 


Using suspensions prepared in a homogenizer and the Waring Blender type of apparatus, bone marrow cell 
counts (femur) were made on 22 normal rabbits. The number of cells equals, on the average, 596,000 per 1 
mg tissue from 393,000 to 900,000). Since it is known that bone marrow composition varies in different bones 
the cell content of the following bones was determined as wellon 6 rabbits: ribs, femur, humerus and tibia 
‘Table 1); the suspension was prepared in glass homogenizer. : 
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EXPERIMENTAL RESULTS 


Table 1 shows that the highest cell content is in the rib and the lowest in the tibia. Evidently this fs 
connected with the smaller content of fat and higher content of dry non-fatty residue in rib marrow (1}. 


TABLE 1 


No, of rabbit | Rib 


Average 


In order to evaluate correctly bone marrow changes in experimental animals {t is essential to know the 
limits of normal as regards myelograms and absolute content of various types of cells in the bone marrow, but 
data available in the literature are inadequate in this respect. Normal myelograms for rabbits are described 
by G. G. Karavanov (3); other authors [4, 5, 6) only give normal values for peripheral blood in rabbits, 


To determine the norm for myelograms, bone marrow from the femur was examined using 26 normal 
rabbits aged 4-6 months and weighing 2-2.4 kg (the animals were sacrificed by means of alr emboll), Bone 
marrow smears were stained by the Pappenheim method; 1000 cells were counted on each preparation, 


Data on percentage and absolute content of cells in the bone marrow of normal rabbits are presented in 
Table 2, 


It can be seen that the main bulk of bone marrow cells is made up of cells belonging to the erythrold and 
granulocytic series; these are present in approximately equal proportions: total erythroblasts — 41.9%, total 
granulocytes — 42.4%, Neutrophils make up the greater part of the granulocytes (39.6%); the remainder (2.8%) 
is made up of myeloblasts (0.7%), basophils (0.7%) and eosinophils (1.4%). 


According to our data cells of each succeeding generation are present in larger numbers than cells of the 
previous generation (with the exception of segmented neutrophils); this corresponds to the “rule of harmonic 
development and distribution of bone marrow cells® [2}. 


Among the erythroid cells are many hemoglobin- containing forms — polychromatophil and ox yphil 
erythroblasts. Young forms of erythroblasts constitute a total of 6.3%, the content of more mature ones being 
higher than that of less mature cells, : 


When changes in the percentage content of various generations of erythroblasts and neutrophils are to be 
evaluated, figures showing the percentage ratio of all the cells of a given series, the so-called fractional 
erythrograms and granulocytograms, are the most significant (Tables 3 and 4), 


In 16 of 26 normal rabbits the absolute number of cells in 1 mg bone marrow was counted. Using myelo- 
gram data for these animals the absolute content of all types of generations of cells were calculated (Table 2). 
As can be seen from Table 2 the abso.ute number of all types of cells is given to considerable fluctuations. It 
appears to be impossible to determine the cause of these fluctuations on our relatively limited material or to 
demonstrate the relation between the absolute content of cells and their percentage ratios in the myelograms, 


“e 


q 
| 
| Femur | Humerus | Tibla 
683.2 787.6. 835.6 796.2 
2 1031.2 576.9 641.2 629.4 
635.9 353.7 359.4 260.0 
4 656.2 383.4 335.0 269.4 
5 839.4 608.1 555.0 356.2 
6 045.6 521.9 573.9 487.5 
848.8 539.4 550.0 466.4 
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TABLE 2 


Cellular Competam < of Bone Marrow in Normal Rabbits 


Percentage (26 rabbits Absolute numbers in thousands 
examined) 16 rabbits examined) ° 


Name of cells 
unimal |maximallaver- | mini-] maxi average 
age 
0.2 


Reticular cells 
Hemohlstoblasts 


Erythroblast | Prerythroblasts 


generations § | Basophil macroblasts 
Basophil normoblasts 


Qewow 


Poltychromatophil 
erythroblasts 


to 
2) 


Ox yphil erythroblasts 
Total erythroblasts 
Megakaryocytes 
Basophils 
Eosinophils 
-Myeloblasts 


Percentage (26 rabbits /Absolute numbers in thousands 


examined) 16 rabbits examined) 
Name of cells 


Neutrophil {| Premyelocytes 
generations | Myelocytes 
Young 
Rod -nucleated 
Segmented 


Total neutrophils 39.6 /143.9 |408, 


1.6| 2.9] 32.4 


Monocytes 
Plasma cells 0.2} 0.6] 5.9 


TABLE 3 
Fractional Erythrogram for Normal Rabbits. 


Name of cells 


“Erythroblast cont content in 
in 


imal | maximal “4 average 


Young erythroblasts (not 

containing haemoglobin) 2.6 32.7 14.9 
Polychromatophit 

‘erythroblasts 4 27.9 4.9 44.8 


Ox yphil erythroblasts 16.6 67.3 40,3 


0.2 0.2] 0.8] 4.9] 1.3 
0.2 06] 1.6/18.0] 3.7 
0.4 ! 5.5] 10.4] 58.6] 33.1 
10.9 | 18.9} 49.1 |218.1 114.4 
6.6 16.7 | 57.8 {154.2 | 100.7 
33.6 41.9 |137.6 [378.5 | 253.2 
a 0.1 0.1} 05] 1.8] 0.8 
0.1 0.7] 0.5]21.6] 3.1 
0.2 1.4] 2.4/15.6] 8.1 
na 0.2 0.7] 1.8] 86] 4.4 
minimal maximal javer- | mini-]maxi-/ average 
| age | mal |mal 
o1 |. 1.6 | 1.6] 16.0] 3.9 
11 6.1 3.1] 6.7] 46.8] 16.9. 
2.8 10.0 -| 7.4] 25.2] 79.6] 44.8 
10.8 33.6 | 23.2 | 78.0 | 254.9] 145.2 
2.0 9.0 | 5.3] 9.5] 81.0] 33.0 
200.8 
68.3 
1.8 
= a | 
< 


TABLE 4 
Fractional Granulocytogram for Normal Rabbits 


E Erythroblast content in 
minimal | maxi | average 

Young neutrophils (pre- 

myelocytes, myelocytes, 

{ young forms) 11.0 40.7 
4 Rod-nucleated neutrophil 41.8 70.3 58.3 

‘ Segment-nucleated neu- 
trophils 3.9 26.2 13.5 


. SUMMARY 


Absolute number of cells containing nuclei was determined in the bone marrow of rabbits and the ratio 
of various forms was calculated on myelograms, The content of cells in the bone marrow of various bones was 
different. The cells of erythroid and granulocyuc series were in the same proportion (erythroblasts 41.9%, 
granulocytes 42.4%). The content of various generations of erythrocytes and neutrophils was in coordination 
with the “rule of harmonic development and distribution of cells, according to degree of their differentiation.® 
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PERIPHERAL BLOOD AND BONE MARROW INDICES IN HEALTHY DOGS 


I. N. Usacheva (Moscow) 
(Received April 12, 1957. Presented by Active Member AMS USSR V. V., Parin) 


Changes in the morphologic composition of peripheral blood and of bone marrow are very important in 
evaluation of the state of the organism and in various diseases as well as in various experimental investi gations. 


This necessitates definite knowledge of the morphologic composition of peripheral blood and hemopoletic 
organs in healthy animals, in particular in dogs. However, data available {n the Iterature are inadequate. The 
majority of authors base their conclusions on relatively scant and heterogeneous material, so that statistical 

zatment shows [7] some of the differences found to be nonsignificant. 


The average value given by most investigators for the number of erythrocytes is 6-7 million per 1 mm? 
of blood, The limits of fluctuation, however, allowed by some authors are very wide, A. F. Aleksandrov {1}, 
for instance, considers the range of normal erythrocyte content In dogs to be from 3.96 to 8.4 million, while 
V. Bauman [2] extends it to 2.5-10 million, The same can be said concerning the color index the upper Iimit 
of which Is taken to be 1,24-1.4 [5]. - 


Reticulocytes have only been estimated by two Investigators — E.C. Albritton (9) and G. A. Ryazhkin [7] 
whose data are widely divergent: 0-27 and 0-2.9 respectively. 


The total number of thrombocytes has been Gesemnincd by many authors, Average values reported have 
been within the range of 300,000-500,000 cells per 1 mm? blood with a wide scatter of fluctuations from 183,000 
to 960,000 [9]. Ryazhkin (7) reports lower values for the number of thrombocytes (average — 150,000) with flue- 
tuations from 48,000 to 250,000. . 


The average number of leucocytes given by many authors varies within the limits of 9,000-10,000 per 
1 mm! of blood with fluctuations from 6,000 to 12,000 or 15,000. At the same time, A. F. Aleksandrov,E. C. 
Albritton and G. A. Ryazhkin take higher values as normal (12,000-13,000) with fluctuations from 7,800 to 

16,800, 18,000 or 20, 000, 


As regards the percentage composition of the leucocyte formula, the data of most authors are consistent 
(60-70%cells of the neutrophil series and 20-25%lymphocytes). G. A. Ryazhkin's data form an exception: he 
takes 12%lymphocytes (from 3 to 18%) as normal. 


The average percentage of eosinophils equals 3-6 with rmpaneeites from 0-3 to 6-17 while that of baso- 
phiis equals 0.5-1 with fluctuations from 0 to 1.2, 


The average quantity of monocytes {s within the limits of 3-7% with fluctuations from 1-4 to 4-10%, 
Aleksandrov's data are an exception since he takes marked monocytosis (22.5%) as the upper limit of normal. 
Plasma cells have been determined by only three investigators — Aleksandrov, A. I. Ermolenko [3] and G. A. 
Ryazhkin who found them to amount to 0.4-2,.25%, 


The erythrocyte sedimentation rate according to A. V, Kudryavtsev [5] is within the range of 2-3.5 
mm /hour and according to G, A. Ryazhkin — 6-15 mm/hour, 


Information concerning the percentage content of cells in bone marrow {s available in the work of several 
authors (1, 2, 8 and 9). The data, however, are divergent, not related to peripheral blood findings and differ 
as regards cell nomenclature, 
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According to Stesni and Higgins, van Loon, Mulligan, Reckers, Caulter [9] and f. 1. Tarasov [8] the num- 
ber of erythroblast cells in the normal constitutes 40-59% and of myeloid cells — 34.5-53,4%, 


According to Aleksandrov's statistics erythroblast cells make up 14-32% and myeloid cells 34,3-56.2%, 
Ryazhkin’s figures are 30% for erythroblast and 52% for myeloid cells, 

It follows from the above that fluctuations tn the myelold cell content are smaller than those in the 
erythrodlast cell content. 

Subdivision of cells according to degrees of maturation has not been done by all authors, 


E.C. Albritton, analyzing the figures reported by four investigators, calculates the content of immature 
forms of the red and white series in percentage of the total number of bone marrow cells (100). This shows 
that immature erythroblasts make up 5.4% (1.8-8.4%) while immature regenerative cells of the myeloid series 


make up 7.47% (4-14.1%). 
In view of the divergence and paucity of literature data it was decided to present the results va our in- 
vestigations carried out on 200 dogs. 


EXPERIMENTAL RESULTS 


As can be seen from Table 1, the number of erythrocytes In the dogs examined in 6.6 million, the color 
index is, on the average, 0.57 and the amount of reticulocytes constitutes 8% . The absolute number of throm- 
bocytes equals, on the average, 304,000, 


1 mm! of blood contains 10,500 leucocytes with fluctuations from 6,000 to 14,000, 


Analysis of the leucocyte formula reveals the neutrophil leucocytes make up, on the average, 64.5% 
ep ‘h), lymphocytes — 19.5% (12-34%), monocytes — 6% (0-13%), eosinophils — 7% (0-20%) and plasma cells 
67% (0-2%). Single basophils were only seen in a few dogs. The average ESR value was 3.6 mm/hour with 
from 1 to 12 men 


TABLE 1 
Nermal Values for Peripheral Blood in Dogs 


Average Average 
quadratic arithmetic 


_jdeviation |mean error 


Erythrocytes (in millions) 

Hemoglobin (in 

units) 

Color index 

Reticulocytes (in %) 

Thrombocytes (in %) 

Thrombocytes (in thousands) 

Leucocytes (in thousands) 

neutrophils 
% 


-nucleated neutrophils 


on 


(absolute number) 
Lymphocytes (in %) 
Lymphocytes (absolute number) 
Eosinophils (in %) 

Eosinophils (absolute number) 
Monocytes (in %) 

Monocytes (absolute number) 


~ 


a 


Plasma cells (in %) 
- ESR (mm/hour) 


| 
4 
q : 
~ 
ig 
Average | Maximal | Minimal 
Index 4 
values values values 
6.6 8.4 5.2 £0.74 £0.05 
| 7 60 +8.56 | 40.6 
4 0.57 0.76 0.50 +0.06 +0.04 - 
8 18 +3.8 +0.26 
¥ 48 80 25 +10.83 +0.69 pe 
4 304 . | 500 160 +71.2 +5.03 
4 10.5 14.0 6.0 +1.86 +0.13 
4 10 0 +2.28 40.14 
q 76 40 +7.52 +0.53 | 
10.0 3.6 $1.41 +0.09 
12 + 5.28 +0.38 
4 20 0 £4.65 +0.25 
4 3.0 0.2 +0.54 +0.03 ; 
1 $3.31 |. 40.93 
4 1.6 0.2 +0.30 +0.02 a 
4 2 0 +0.66 +0.046 7 
q 
1134 


: j The figures obtained by us thus approach in most cases those cited in the literature, but in some cases 
aA (total number of reticulocytes and percentage content of eosinophils) our values are higher, 
ad Passing on to an analysis of the percentage composition of bone marrow cells (Table 2), the average 
y values for erythroblast cells, according to our data, are 27.9%, for myeloblast cells — 57.43% and for all other 
J cells 15.67%. Subdivision of the red and white series cells according to degree of maturation, expressing the 
ij values as percentage of total bone marrow cells (100) shows that immature regenerative cells of the erythro- 
i. blast serles constitute 2.3% (0.2-8.8%) while immature regenerative cells of the myeloid series constitute 5.4%. 
(1.2-13.4%). - 
ee TABLE 2 
| 5 Normal Bone Marrow in Dogs 
a Average Average 
Maximal Minimal quadratic arithniedic 
e value value deviation mean error 
Hemohistoblasts 1.2 0 +0.3 £0.02 . 
Reticulo-endothellal cells 4.0 +0.468 +0.03 
4 Pre-erythroblasts 3.2 0 + 0.566 +0.04 
Basophil macroblasts 5.6 0.2 +1.4 
Basophil normoblasts 27 +4.99 +0.35 
Polychromatophil normoblasts 5 +£6.24 £0.44 
a Oxyphil normoblasts 0.8 4.8 0 $0.09 +0.07 
Mitoses in red serfes 1.0 2.4 0 +0.59 _ £0.04 
x Myeloblasts 0.9 3.0 0 +0,64 +0,04 
1.9 4.4 0.2 $1.04 +0,07 
2.6 5 £0.95 +£0.06 
7 - Young 6 18 2 +3.18 - £0.22 
a Rod-nucleated neutrophils 27 48 6 +7.55 £0.53 
4 Segment-nucleated neutrophils 15 42 5 +£7.81 £0.55 
Eosinophils . 4.0 10.0 4 . +£1.87 +0.13 
Basophils® 0.8 
wo Total number of myeloid cells 57.43 74 40 
£ Lymphocytes ; 4 12 0 +2.66 £0.19 
Monocytes 2.5 0 +£2.19 £0.15 
x Megakaryocytes® 1.2 0 
Megakaryoblasts® 0.8 0 
a Mitoses in white series® 1.6 0 
Ferrata cells® 1.2 
4 * Average values were not calculated because of large numbers of zero values, 
‘4 Analysis of fractional composition showed that young erythroblasts (pre-erythroblasts and basophil macro- 
4 blasts) constituted 8% of the total number of erythroblast cells and young elements of the myelold series (myelo- 
a blasts, premyelocytes and myelocytes) constituted 9% of the total cells in the white series, 
é Thus, our findings indicate thatin the bone marrow of healthy dogs (mongrels) myeloid elements pre- 
s 2 dominate over erythroblast elements, and mature forms over immature farms, 
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At the same time qualitative changes, described in detail by A. P. Egorov (4), were also enccuntered tn 
animals, We found in smears of peripheral blood: hyperse gmentosis 0,2 % (0-3.5%), fragmentation 1.4% (0-8%), 
giant forms 0.14% (0-3%), chromatolysis 0.73% (0-4%) and granulocyte cytolysis 1.24% (0-6%), and agranulo- 
cytes (0-8%). Bone marrow smears showed: pyknosis 2,52% (0-10.6%), chromatol ysis 1.07% (0-7.8%), 
rhexis 0.13% (0-1%), giant forms 0.17% (0-5.5%%), hypersegmented forms 0.13% (0-1.2%), fragmentation 0.36% 
(0-3.2%), vacuolization of cells 0.17% (0-1.6%), cytophagia 0.03% (0-0.7%), pigment 0.12% (0-1.2%), cytolysis 


13.4% (2-3). 


SUMMARY 


Determinations of various Indices of peripheral blood and bone marrow of 200 healthy dogs were analyzed 
statistically and are presented In this paper, The average values for erythrocytes (6.6 million), leukocytes 
(10,500), thrombocytes (304,000), reticulocytes (8% ) and erythrocyte sedimentation rate (3.6 mm per hour) 

are very close to those mentioned in literature, Numerical values, reflecting the contents of erythrodlastic 
(27.9%) and myeloid (57.43) elements of the bone marrow differ to a certain extent from the corresponding 

data of I, 1, Tarasov and A, F, Alexandrov, The numerical indicators of qualitative changes of the cells of peri- 
pheral blood and bone marrow are presented in this work. 


LITERATURE CITED =-- 
{1] A. F. Aleksandrov, Folla Haematologica, 1930, 41, 1-2, S. 428-430, 


(2) V. Bauman, "The Blood Picture in Healthy Dogs," Prakt. Veter,, No. 10, pp. 848-851, 1930, 


(3] A. 1. Ermolenko, "On Blood in Dogs,” Trudy klinik Voronezhskogo Inst., pp- 109-120, 


[4] A. P. Egorov, “Blood Cells,*® Handbook for Doctors and Students,* Moscow, 1951. 


[5] A. V. Kudryavtsev, Hematology of Domestic Animals,* Selkhozgiz. Moscow, 1948. 


[6] V.N. Nikitin, Atlas of Domestic and Experimental Animal Blood Cells,*® Moscow, 1949. 


(7) G. A. Ryazhkin, Byull. Eksptl. Biol. i Med., No. 5, 15, 1956, 


[8] I. 1. Tarasov, Thesis, °The Influence of Blood-letting and Blood Replacement Fluid (Combined 
Autohemouansfusion) on the Functional Activity of Bone Marrow in Dogs,"* Saratov, 1953. 


[9] E. C. Albritton, Standard Values in Blood, Philadelphia and London, 1952, p. 199. 


* * Original Russian pagination, See C. B. Translation, 


1136 


| 


> 
al 
3 
a 
J 
ay 
4 
‘ 
a 
o 
- 
Sales, 
a 
ag 


HISTOCHEMICAL CHARACTERISTICS OF MORPHOLOGICAL REACTIONS 
ENCOUNTERED IN BRUCELLOSIS 


M. I. Chernysheva 


From the N. F. Gamaleya Institute of Epidemiology and Microbiology 
(Director — Prof, $. N. Muzomtsev) 


(Received February 25, 1957. Presented by G. V. Vygodchikov, Member AMS USSR) 


Morphological studies of the pathogenesis and immunogenesis of Brucella infection have shown that re- 
sistance to infection is based on a phagocytary defense mechanism [4, 5}. 


Cytomorphological studies of the reaction to ive vaccines have shown that the development of active 
immunity to brucellosis is associated with a strong macrophage reaction and with hyperplasia of elements of 
the reticulo-endothelial system; Such a reaction should necessarily involve blochemical changes in the cells 
of the reticulo-endothellal system. 


We have concentrated our attention on the study of nucleic acids, in view of the importance of the role 
played by them In the vital activities of cells, 


Yumerous histochemical investigations have established the Importance of the part played by nucleic 
acids In the synthesis of proteins and the growth and division of cells. 


The work of Ehrich, Drabkin, and Forman [12] has revealed the relation between production of antibodies 
and changes {In the nucleic acid content of lymph nodes located near the site of injection of vaccine, Maxi- 
mum content of ribonucleic acids in the cells coinci¢ed with maximum production of antibodies in the lymph 
glands. 


T. Harris and S, Harris [13, 14] obtafned similar results. They also report the Interesting observation 
that rise in cell ribonucleic acids does not take place following introduction of nonandgentc substances (lano- 
lin , oil emulsions), 


Papers on the distribution ef nucleic acids in the presence of an active tuberculous process have appeared 
of recent years in Soviet journals. 


A. Ya, Fridenshtein [10] and M. M. Averbakh [1] have shown that during the early stages of development 
of the inflammatory process in tuberculous infection hyperplastic reticular and other cells become enriched in 
ribonucleic acid, but with further development of the tuberculous lesions the ribonucleic acid content of the 


cytoplasm of the cells diminishes, 


M. P. Pokrovskaya [8] has demonstrated the existence of a mutual relationship between phagocytary pro- 
cesses and cell ribonucleic acid content. 


On the assumption that the content of nucleic acids tn cells is correlated with functional state of organs 
amd tissues, we investigated the amount and topographic distribution of ribo- and deoxyribo-nucleic acids fn 
cells of the lymph glands and spleen, in infected and immunized animals. 


We applied the Brachet reaction to the histochemical study of ribonucleic acids (RNA), and the Feulgen 
reaction to the study of deoxyribonucleic acids (DNA). 
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The present research includes data on three groups of guinea pigs: vaccinated, revaccinated, and infected, 
In all 100 animals were studied, at various times after vaccination or Infection (1 — 2— 5~ 10 and 30 days, 
and 3 and 6 months.) 


The guinea pigs were vaccinated with the strain Br. abortusyg, at a dosage level of 10° cells, subcutane- 
vusly. 


Subcutaneous revaccination was effected with the same strain, using a dose of 500 million cells, 3 and 
8 months after primary vaccination, The animals were infected with the virulent strain Br. melitensissg, in- 
a dose of 10 cells. 


The following results emerged from a study of the distribution of RNA and DNA in cells of the reticulo- 
endothelial system, during development of the vaccinial process, 


During the first few days after vaccination with a dose of 1 billion microbial cells we observed a - 
generalized lymphoid hyperplasia, with sporadic clear cells, in the lymphatic glands and spleen. This mor- 
phological reaction was not associated with change in the RNA and DNA contents of the cells. The reticular 
cells contained very little RNA, As in normal animals, RNA was found chiefly in the lymphoblasts and lympho- 
cytes. 


The RNA content of the cells changed with Increasing Intensity of the reaction In the lymph nodes and 
spleen, characterized by increase In the size of centers of multiplication of follicles of lymph glands, and by 
generalized large cell hyperplasia, Large numbers of reticular cells, with a high RNA content of the cytoplasm, 
and with well-defined nucleoli, appear at these centers. 


The number of lymphoblasts containing RNA in the cytoplasm increases. On the 15— 30th day after vac- 
cination isolated small nodes of reticular and epithelioid cells make their appearance, against a background of 
large-cell hyperplasia. The cytoplasm of reticular cells becomes impoverished in RNA during their transition 

nto epithelioid cells. Sporadic reticular cells, which lose their connection with the reticular stroma, change 
into polyblasts, and have RNA-rich cytoplasm. The phagocytary function of these cells (macrophages) is, how- 
ever, associated with fall in cytoplasmic RNA content. 


At longer times after vaccination (6 months) the reticular cells of the lymph nodes and spleen have little 
RNA in the cytoplasm, but a high content in the nucleoli. 


The plasma cells are of particular interest. By the 10— 15th day after vaccination large numbers of 
plasma cells are encountered in the lymph glands and spleen, In the earlier post-vaccinial stages juvenile forms 
of plasma cells are seen, with a scant cytoplasm of a high RNA content, but as the process of generalized cell 
hyperplasia develops the total volume of protoplasm also increases, and together with it its RNA content. 


The plasmocellular reaction in the lymph nodes is now related to synthesis of antibodies. A. Fagreus [11], 
in his painstaking researches, has demonstrated the relationship between increasing basophilicity of plasmocytes 
and their antibedy content. The presence of plasma cells with a strongly basophil protoplasm, after immuniza- 
tion with live antibrucellosis vaccine, merits special attention, since we have encountered this type of reaction 
only during development of the vaccinial process, 


A rapid response reaction {s seen in the reticulo-endothelium of lymph glands and the spleen after vac- 
cination of guinea pigs, 3 and 8 months after primary vaccination, 


A pronounced large cell hyperplasia, with numerous mitoses, and formation of macrophages, is evident 


in the lymph glands within 2 hours, Large numbers of polyblasts and plasma cells make their appearance, 
Similar effects are seen in the spleen, 


This morphological reaction is associated with accumulation of RNA in these cells. Its content rises 
considerably in the cytoplasm of the reticular cells (Fig. 1). The nucleolus present in the nuclet of these cells 
increases in size, and contains very much RNA, Cells containing two or three distinct nucleoll are very fre- 
quent. 


Such an enrichment of the reticular cells with RNA points to their exceptional activity. Reticular cells 
displaying phagocytary activity lose part of their RNA in the cytoplasm, but they still have a higher RNA con- 
tent than do the macrophages encountered during primary immunization. Other cells present in the lumph nodes, 
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viz., lymphoblasts, polyblasts, and plasma cells, are the 
richest in RNA (Fig. 2). The distribution of RNA within 
the lymphoblasts is very often ircegular. During the stage 
of intensive hyperplasia of the follicles at proliferation 
centers we encountered numerous macroptiages containing 
large spheroidal inclusions, which stained deeply with 
pyronin, in contrast to the faintly staining cytoplasm. 
These inclusions were absent after treating the sections 
with ribonuclease, showing that they consisted of RNA, 

It is not yet clear whether this RNA originated from the 
macrophage itself, or whether tt represents phagocytized 
cell debris, We were unable to find any significant shife 
in the DNA contents of the cells. It should, however, be 
noted that the DNA content of the lymphoid cells in- 
creased as the vaccination process developed, The DNA 
content of the nuclei of the reticular cells also increased 
somewhat, while the epithelioid cells contain practically 
no QNA, the little there is being distributed in the form 
of very small granules at the peripheries of the nuclei. 
The DNA content of the nuclei rises during the process 
of mitotic division of the cells. 


Simultaneously with the vaccinated animals, we 
observed a group of guinea pigs infected with a virulent 
culture of the strain Br. melitensisgys (inoculation dose 10 
microbial cells). We studied the distribution of nucleic 
acids in elements of the reticulo-endothelial system dur- 
ing development of the infection, 


During the first 5— 10 days after inoculation we 
observed a generalized lymphoid and large cell hyper- 
plasia of cells of the reticuloendothelium of lymph glands 
Fig. 1. Lymph gland of a sevaccinated guinea pig. and of the spleen, with approximately the same RNA con- 


» _ tents as were encountered in primary vaccination. The 
8 RNA content oi the cells then fell, as the pathological 
process developed, with formation of large epithelioid 


proliferates, occupying 90-95% of the lymph nodes, and 
forming specific granulomata. The epilthelioid cells all had a low RNA content, and RNA was practically ab- 
sent from epithelioid and giant cells of the specific granulomata, and diminished in the lymphoblasts. 


The nuclei of most of the epithelioid cells either had no nucleolus, or had only a faintly discernible one. 


The data on the distribution of RNA in elements of the reticuloendothelium of infected animals indicate 
that the functional activity of these cells is considerably lowered, 
Our cytological study of formation of immunity to brucellosis showed that high and stable immunity can 


be achieved with a dose of 10° living microbial cells, Formation of immunity is associated with an intense 
macrophage reaction, and with vaccinial hyperplasia of elements of the reticulo-endothelial system, which is 


most pronounced on the 10— 15th day after vaccination, 
By that time the guinea pigs are immune to infection with virulent strains of Brucella, 


The hyperplasia observed in the reticulo-endothelium during the development of the vaccinial process 
taking place after inoculation with 10*microbial cells is associated with accumulation of ribonucleic acid in 
the cytoplasm and nucleoli of reticular cells. 


The RNA content of all the cells of lymph nodes and of the spleen is at a maximum on the 15 — 30th 
day after primary vaccination, and on the second day after revaccination, 
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Fig. 2. Lymph gland of a revaccinated guinea pig. Plasma cells, rich in RNA. 
Magnification x 660, 


Inoculation of guinea pigs with a virulent strain of Br. melitensis leads to an infection causing pronounced 
pathological changes in the organs, associated with a fall in the cell RNA content. 


Thus the hyperplasia of reticulo-endothelial elements, observed in response to live vaccine is associated 
with increase in the RNA content of reticular cells, pointing to the enhanced functional activity of these cells 
in the syuthesis of proteins. 


The work of B. V. Kedrovsky (6, 7), A. N. Belozersky (2), G. I. Roskin (9), G. Casperson, J. Brachet [3], 
A. Fagreus (11), and others has provided convincing evidence of the’ direct connection of ribonucleic-acid with 
the syathesis of proteins and specific antibodies. 


We are justified, on the basis of the work of these authors, in drawing the conclusion that vaccinial hy- 
perplasia of reticulo-endothelial elements, in response to live vaccine, involves intensification of cell metabo- 
lism, leading to reconstruction of intracellular enzyme systems and to formation of specific globulins. 


SUMMARY 


Production of immunity in brucellosis as a result of introduction of live vaccine is associated with severe 
macrophagic reaction, as well as with vaccinial hyperplasia of reticulo-endothelial elements. 


Intensive accumulation of ribonucleic acid in the cytoplasm and in the nuclei of reticular cells takes 
place during the process of vaccinial hyperplasia of reticulo-endothelium. Phagocytic function of macrophages 
is connected with reduction of ribonucieic acid in their cytoplasm, The largest quantity of ribonucleic acid in 
all the cells of the lymph nodes and the spleen is noted within 15 to 30 days following initial vaccination. The 
same picture is revealed on the second day after revaccination which is carried out in 3 months. 


Brucellosis induced in guinea pigs by virulent culture of Br. melitensis causes pronounced pathological 
changes in the organs and is associated with reduction of content of ribonucleic acid in the ceils. 
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VITAMIN C CONTENT OF LABORATORY ANIMALS, AS SHOWN BY 


HISTOCHEMICAL METHODS 


A. 1. Yakovleva and N. G. Shakhnazarova 


From the Pharmacological Department (Director — Prof. M. D. Mashkovsky ), 
S. Ordzhonikidze All-Union Scientific Research Institute for Chemical Pharmaceutics, Moscow 


(Received March 18, 1957. Presented by I. V. Davydovsky , Member AMS USSR) 


Evidence has been published that certain drugs affect the ascorbic acid content of animal organs. It has 
been shown that aspirin, sulfanilamide, and potassium fodide cause a fall in the vitaminC content of 
human blood, and that administration of sulfanilamide to guinea pigs and albino rats leads to accumulation of 
ascorbic acidin the liver [4, 5}. Medicinal doses of quinine hydrochloride, sodium salicylate, and calcium chloride 
cause depletion of body ascorbic acid [2], while barbiturate derivatives stimulate biosynthesis of vitamin C (1). 


H. Steege and R. Pirtkin [10], using a histochemical method, have shown that the ascorbic acid content 
of the adrenal glands rises after administration of thiosemicarbazones. 


On the strength of chese published data, we decided to apply the histochemical method to the detection 
of ascorbic acid in animal crgans, and to use this as a test in the comparative study of the action of drugs. 


EXPERIMENTAL METHODS 


We applied the method of Giroud and Leblond [7] to the detection of ascorbic acid in dssue sections. 
Small fragments of tissue are immersed in a 10% silver nitrate solution, made acid with 1% acetic acid, and 
reduction of silver nitrate takes place within 15-30 minutes, The tissue is then withdrawn from the solution, 
washed with distilled water, and fixed in 3% hyposulfite solution for 15-30 miautes, after which it is again 
washed, and embedded in paraffin in the usual way. Black granules of silver are seen in the tissue sections at 
the locations of ascorbic acid in the fresh Ussue. G.I. Roskin (3) and Burne [6] regard the reaction as being 
specific for ascorbic acid, under the given conditions, All manipulations involving silver salts were performed 
in a dark room, using a red light. 


We know of only very few Soviet and foreign papers on the histochemical study of the distribution of 
vitamin C in animal and human organs (3, 8, 9], and they do not give a complete picture of the morphological 
distribution of ascorbic acid in organs. 


The present paper gives an account of an investigation of the distribution of ascorbic acid within the cells 
of various organs of laboratory animals. 


Results of Histochemical Studies 
We examined the organs of 30 guinea pigs, 20white rats, and 14 cats, 


We found high ascorbic acid contents in the intestine, liver, adrenals, hypophysis, and gonads, and less 
in the nervous system, myocardium, and skin; it was absent from skeletal muscle, connective dssue, and thyroid 
gland. 


In the alimentary tract, the highest ascorbic acid contents were found in the mucosa of the duodenum 
and of the higher levels of the jejunum; the mucosa of the stomach and the colon contained little ascorbic acid. 
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The distribution of ascorbic acid in the mucosa ofthe small intestine varied for different animals. In guinea pigs 
maintained on a fully adequate diet, vitamin C is indicated by small or large deposits of silver: fine, dust-like 
granules of silver are seen in the protoplasm and cuticles of the mucosal epithelium, in smooth muscle fibers, 
and in intramural ganglion cells; both fine and coarse granules are seen in mesenchymal cells of the reticular 
stroma of the villi and lymphatic follicles, and at the poles of the nuclei of endothelial cells of the blood and 


lymph vessels (Fig. 1, a). 


Fig. 1. Deposition of silver granules at the sites of concentration of ascorbic 
acid in the epithelium of an intestinal gland of a normal guinea pig (a), and 
in the Golgi apparatus of an albino rat (b). 

Method of Giroud and Leblond, For (a) ocular x 10, obj. x 10; for (b) ocular 
x 10, obj. x 90. 


Fig. 2. Various structures of silver deposits at sites of concentra- 
tion of vitamin C: a) in guinea pig liver cells; b) in cat liver 
cells; c) in Kupfer cells. 

Method of Giroud and Leblond, Magnification; for a) and c), 
ocular 10 x,obj. 40 x; for b) oc. 10 x, obj. 90 A. 
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A similar, dut denser, distribution of ascorbic acid in cells of the intestinal wall of albino rats was found. 
In addition, we observed dense aggregations of granules in the Golgi apparatus of epithelial cells of the intestinal 
lands; these formations resemble those described by Tonutti (Fig. 1, b). 


Various forms of deposits were seen in the liver, The granules are diffusely distributed in the parenchyma 
cells of guinea pigs, and are very small; complex structures made of granules and spherules appear in groups of 
cells (Fig. 2, a). Polygonal masses were seen in the cytoplasm of hepatic cells of albino rats and cats (Fig. 2, b). 


The Kupfer cells of guinea pig liver contained iso- 
lated small granules, and of albino rats and cats large 
granules, singly, or in aggregates (Fig. 2, c). 


Vitamin C was encountered in reticular cells of 
the spleen follicles and pulp, sometimes in large amounts 
in albino rats, It is present in the cytoplasm of epithelial 
cells of the convoluted tubules of the kidney, and less 
frequently in that of the straight tubules, It is encountered 
in the myocardium, chiefly in the myofibrils and in the 
endothelium of the blood vessels (as granular structures), 


The ascorbic acid content of the skin varied ac- 
cording to the sampling site; high concentrations were 
found in the skin of the nose and of the plantar surfaces 
of the extremities of albino rats, and lower ones in skin 
taken from the trunk or from other parts of the limbs, 
The granules were present in the cytoplasm of the gland- 
ular epithelium, the fibroblasts, and the fat cells, and 
fine granular structures were seen in the ground substance, 


A survey of the endocrine glands of adult animals 
showed that ascorbic acid could not be detected in the 
cells of the pancreas and the thyroid, but was present in 
the adenohypophysis, in the interstitial cells of the testes, 
Method of Giroud and Leblond, Magnification: oc. 
10x, obj. 90 x. and in luteal and follicular cells of the ovary, as shown 

by silver granules, Its distribution in the adrenal glands 

has beendescribed byGiroud (8, 9] and others, but in 
insufficient detail. We found that ascorbic acid was present in both the cortex and the medulla of the adrenal 
glands of normal animals; its distribution in the cortex was not uniform, The ascorbic acid content of the cells 
of the glomerular zone varied widely in different segments, In the fascicular zone it was not infrequently con- 
centated around the capillaries, the lumina of which contained small amounts of ascorbic acid, The highest 
concentrations were found in the cells of the reticular zone, some of which showed a few granules only, while 
in others the cytoplasm was filled with granules and aggregates, to such an extent that they obscured the nuc- 
leus, Vitamin C appeared in the form of very fine to medium granules in the large cells of the adrenal medulla, 
and in the medullary sympathetic nerve cells. In addition, ascorbic acid could be detected in the reticular 
ceils of the walls of the cortical capillaries, which contained more or less sparsely scattered granules. 


Fig. 3. Silver deposits at sites of concentration of 
vitarnin C in cells of the cerebral cortex of a nor- 


Ascorbic acid was found in small amounts in the central nervous system of adult animals, chiefly in the 
cytoplasm of cortical nerve cells, in the cells of the subcortical nodes, and in the motor cells of the anterior 
horn of the spinal cord, Isolated small granules were seen in the endothelium and lumen of capillaries and 
blood vessels of the brain (Fig. 3).. 


We were never able to find ascorbic acid in the nuclei of cells of normal tissues. 


Tonutti [11] believes that ascorbic acid is at first deposited in the form of large structures in the Golgi 
apparatus, from whence it is supplied to other parts of the cytoplasm as required. In his opinion, the Golgi 
apparatus serves as a bridge for the subsequent passage of ascorbic acid into the protoplasmic substance, which 
it protects from the effects of sudden rise in ascorbic acid content, due to uptake from the blood stream, 


The finely granular vitamin C structures are encountered in the protoplasm and peripheral parts of the 
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endothelial cells of the intestinal glands, in which absorption of monosaccharides and synthesis of disaccharides 
takes place, in the liver cells, in muscle fibrils, and in the cytoplasm of nerve cells of the vegetative system 
and of the anterior horns of the spinal cord, which have a high metabolic rate, 


It is conceivable that this finely granular form of vitamin C fs associated with carbohydrate metabolism 
of the tissues, 


The ascorbic acid content of cells is subject of considerable variations, depending on the functional state 
of the organ. We found high concentrations of ascorbic acid in the tissues and cells of embryos, including those 
of the pancreas, which Is practically free of ascorbic acid in the adult, 


Variations In the ascorbic acid contents of organs of experimental animals to which various drugs had 
been administered will be reported in subsequent communications, 


SUMMARY 


Depositions of silver were revealed at the sites of appearance of ascorbic acid in the organs and tissues of 
white rats, guinea pigs and cats by the histochemical method of Giroud and Leblond. It was established that 
the distribution of ascorbic acid and its concentration In the organs was subjected to variations depending on 
introduction of different drugs. The multitude of forms of deposited ascorbic acid was demonstrated in differ- 
ent cells, It was found in the form of dust, granules, lumps, spheres and complicated figures, An attempt was 
made to find some association between these forms and various types of metabolism. It was established that 
the distribution of ascorbic acid and its concentration in the organs was subjected to variations depending on 


introduction of different drugs. 
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MORPHOLOGY OF CALCULOUS CHOLECYSTITIS 
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In most of the researches devoted to the study of the morphology of calculous cholecystitis attention has 
been focussed chiefly on changes in the epithelium and subjacent tissues of the gall bladder; insufficient attea- 
tion has beea paid to changes in the intramural nervous apparatus, although quite detailed studies have been 
made of the normal structure of the Intramural nervous system, and of its relations with other tissues elements 
of this organ [13}. 


There are also numerous published papers in which the outstanding importance of functional changes in 
the nervous system for the pathogenesis of extrahepatic bile duct disease has been indicated [15}. 


We could, however, find only two published papers describing pathological chabges of the intramural 
nervous apparatus of the gall-bladder in chronic cholecystitis, The neurohistological studies described in these 
papers were, however, conducted without sufficient regard to the state of other tissues of this organ (13, 17]. 
Apart from this, the material on which these studies were based was derived from cholecystectomy operations, 
and could not throw much light on the dynamics of the changes in the Intramural nervous apparatus under in- 
flammatory conditions, particularly in the early stages of the inflammatory process. The elucidation of the 
interrelations between changes in the intramural nervous system and in other tissue elements involved in the 
inflammatory process, as well as of the sequence of these changes, is of practical and theoretical importance, 
and can be achieved only by an experimental approach. With this object, experiments were performed on 90 
guinea pigs, in which a model condition of cholelithiasis had been induced, by the method of N. N. Petrov 
and N, A. Krotkina [11], with some minor modifications. 


EXPERIMENTAL METHODS 


The animals were operated under morphine-ether anesthesia, under conditions of strict asepsis. After 
laparotomy, the gall-bladder was withdrawn from the incision, an opening was made in the fundus, and a 
sterilized mass of small glass beads, held together by thin copper wire, was introduced into the lumen of the 
gall-bladder, The gall-bladder and anterior abdominal wall wounds were than closed. The animals were 
killed by exsanguination at various times after the operation: 30 minutes, 6 hours, 12 hours, 2, 5, 8, 9, 12, 15, 
25, 33, 45, 60, £0, 107, 140, 172, 210, 265, 317, 381, 420, 453, 510, 578, 612, and 680 days. The gall-bladder 
was immediately removed, and immersed in 12% neutral formalin. After fixing for 5 days, half of the organ 
was impregnated with silver, by Blelschowsky‘s method as modified by Gross, and the other half was dehydrated 
and embedded in celloidin-paraffin, The histological sections were stained with hematoxylin-eosin, picro- 
fuchsin, and mucicarmine, Some sections were stained with iron hematoxylin, according to Heldenhain,. 


EXPERIMENTAL RESULTS 


The nervous elements of gall-bladder did not show any morphological changes during the early stages 
(up to 2 days) of the acute inflammatory process, 
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The epithelium was desquamated, remaining intact only in the mucosal folds, The }.v< 2a and muscle 
coats were edematous, and the vessels were engorged with blood, with marked marginal stasis uf leucocytes, 
A fair number of leucocytes was seen in the edema fluid between the tissue elements, By the 5-8th postopera- 
tional day the epithelium surviving in the depths of the mucosal folds had begun to regenerate rapidly, and to 
cover the rugae, During this regenerative process, and in particular in its early stages, dedifferentiation of the 
epithelial cells was evident; they lost their cylindrical form, and became flattened, The cell boundaries were 
obliterated in the growth zone and adjacent parts, and the plates closing the epithelial cells were not apparent. 
Instead of being located at the base of the cells, as is usual for endodermal epithelium, the nuclei were situated 
at the most diverse levels, As the process continued, the edematous mucosal rugae became covered with re- 
generating epithelium, the height of which increased; the cells were at first cuboidal, and later on columnar, 
and mucinogen droplets appeared, Such secondary differentiation of regenerated epithelium was seen only in 
those areas of the mucosa which were not in direct contact with the foreign body; where such contact existed, 
the epithelial cells remained squamous, and mucinogen droplets were not seen in them, 


By this time the first morphological changes had 
appeared in the intramural nervous apparatus, in the 
form of heightened argentop)ilia of the nerve fibers, 
demyelination of the areolar nerve fibers, and thick- 
ening of the receptors (Fig. 1,4). There were no visible 
morphological changes in the nerve cells of the intra- 
mural ganglions, 


After the &th day we could not distinguish recep- 
tor formations in the mucosa, although they were still 
evident in the muscle and subserosal layers of the gall- 
bladder, 


By the 12th day changes in the structure of the 
mucosa had become evident. The great majority of the 
epithelia! cells of the rugae and of the crypts were over- 
loaded with mucinogen. Intensified new formation of 
mucous glands was seen at the same time, 


In the normal guinea pig gall-bladder the mucous 
glands are isolated, and are located in the depths of the 
crypts, mostly in the vicinity of the neck, They are 
rarely found in the body and the fundus of the bladder, 

In their structure, they resemble the alveolar type of 
gland 

We were able to trace the new formation of mucous 
glands in both the body and the fundus of the gall-bladder, 
not only in the depressed parts, but also higher up, on the 
sides of the rugae. Pre-existing glands, of primitive 
structure, also underwent development, to the more com- 
plex tubuloalveolar type. 


As the inflammatory condtion progressed from the 
acute to the chronic state, we observed, apart from pro- 
liferation of connective tissue and glands, a hypertrophy 
of the muscle coat, as a result of which the wall of the 
gall-bladder had attained a thickness of 3,5 mm by the 
60th day. By this time the changes in the intramural 
nervous apparatus were more pronounced, Receptors 
had disappeared not only from the mucosal, but also 
from the deeper layers of the walls of the gall-bladder, 
irreversible changes were evident in the majority of the 
nerve fibers, in the form of fragmentation and 


Fig. 1. Changes in nerve tibers of the muscle coat 
of the gall-bladder tn experimental cholecystitis, 
a) varicose swelling and enhanced argentophilia 

of nerve fibers, Eight days after operation, b) 
disintegration of a nerve fiber, 60 lays after opera- 
tion, Impregnated according to Bielschowsky-Gross, 
Magnification; a) oc, 8x, obj, 40 x; b) oc. 8x, 
obj. 8 xX. 
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disintegration (Fig. 1b), At the same ume as dystrophic changes were seen in most of the nerve fibers, we ob- 
served a weak tendency towards regeneration of unmyelinated nerve fibers in the muscular coat of the gall- 
bladder. These regenerated fibers are, however, unstable, and we observed varicose swelling, fragmentation, 
and disintegration of such fibers. This coincided with intensification of the inflammatory proliferation of the 
evithelium with formation of glands, These glands were formed not only in the proliferating connective tissue 
of the mucosa, but also within the muscular layer, down to the serous coat of the gall-bladder; glandular and 
cysne structures appeared, with a pronounced tendency towards differentiation into mucous glands, By the 
20th day, the whole wall of the gall-bladder was penetrated by a mass of intricately ramified tubulo- 
alveolar glands. The ducts leading from these glands are lined with epithelial cells from the surface 
musoca, and are known as Luschka ducts, the intensive formation of which was seen on the 30th day after 
the operation, Retention cysts very often formed, owing to hindered outflow of secretion, The trapped secretion 
undergoes condensation, and adsorbs bile pigments and calcium salts, giving rise to formation of intramural bile 
pigment and calcium stones (Fig. 2). 


Fig. 2. Wall of cyst in a newly formed mucous gland, The lumen contains 
condensed secretion, with deposits of calcium salts and bile pigments. Speci- 
men taken 107 days after operation, Stained hematoxylineosin. Magnifica- 
tion; oc, 8X, obj. 8 x. 


Dystrophic changes were evident by the 107th day, consequent to the continuing irreversible degenerative 
changes in the intramural nervous apparatus and to the hypertrophy of the muscular coat. Vacuoles of various 
sizes were seen in the muscle fibers, which showed homogenization of parts of the protoplasm, with granular 
disintegration and pyknotic nuclei. In such locations we observed proliferation of connective tissue between 
the degenerate muscle fibers, initially rich in cellular elements, but eventually maturing into cicatricial tissue, 
By the 172nd day, the whole of the wall of the gall-bladder had undergone transformation into scar tissue, with 
sporadic inclusions of muscle fibers and of cystic formations distended with secretion, being mucous gland ducts. 
It was only at this stage that we observed changes in the intramural ganglion nerve cells, Large vacuoles ap- 
pearec in some of them, and masses of different sizes, staining intensively with silver, in others. Nerve cells 
not showing these changes were smaller than normal, We were not able, in all such cases, to demonstrate the 
presence of cell processes by silvering techniques. Activation of satellite cells was apparent around the most 


degenerate nerve cells. Unmyelinated nerve fibers entering the adventitia of arteries supplying the gall-bladder 
survived longer than other nervous elements, 


Thus the inflammatory process brings about a total reconstruction of the wall of the gall-bladder, involv- 
ing profound changes affecting its basic elements, The changes seen in the intramural nervous apparatus are of 
secondary origin, i.e., they appear as the inflammatory process progresses, In the early stages, when the 


F 
: 
a 
al 
- 
4 
a 
1148 


inflammatory reaction was of acute nature, we were unable to find any morphological changes in the nervous 
system of the gall-bladder, In the later stages these changes, being of secondary origin, could undoubtedly 
affect the development of irreversible changes in other tissues, during the reconstruction of the walls of the 
gall-bladder resulting from the intercurrent low-grade inflammatory process, 


The resistance of nervous formations to acute inflammatory conditions has been noted by anumber of 
authors (1, 2, 3, 8, 14). Low-grade inflammatory processes, however, appear to involve profound changes in 
the nervous system {1}, It is housed, recognized that inflammatory processes In denervated tissues are charac- 
terized by their extreme indolence [4, 9, 10, 17 and others), Attention has of recent years been directed to the 
role of the sensory neuron in the development of tissue reactions, Thus, according to T. A. Grigoryeva (4) organs 
deprived of their sensory connections resemble foreign bodies, of which the organism ties to rid itself by means 
of development of inflammatory processes within them, According to E, 1. Zlomik [7] and to E, A, Rudnik (1952), 
denervation of glandular organs leads to a profound reconstruction of the mucosal coats, Formation of mucous 
glands producing large amounts of mucous secretion takes place during this reconstruction process, Motor dener- 
vation of smooth muscle has been shown by I. P. Lukyanova [10] to lead to acute necrobiotic changes, 


1, D, Khlopina (16) has found that denervation causes a disturbance In the mutual relations between the 
epithelium and the underlying tissues, thus interfering with aclevement of regeneration, owing to which the 
healing of neurotrophic ulcers proceeds sluggishly, and in an irregular manner, 


In our experiments, reconstruction of the gall-bladder mucosa was observed to coincide with disappear 
ance of receptor formations and nerve fibers. The indolent course of the inflammatory process observed by us 
in the late stages of our experiment is evidently to a large extent due to denervation proceeding during the in- 
flammatory process, It follows that the Intense inflammatory proliferation of the epithelium Is due rather to 
the profound dystrophic changes taking place in the underlying tissues of the gall-bladder epithelium as a result 
of cenervacion, than to injury of the epfthellum by the foreign body introduced into the gall-bladder. This fs 
because the foreign body loses its mobility as the inflammatory process passes into the chronic stage, becoming 
fixed in position by epithelial outgrowths, This fixation reduces its harmful action to-a minimum, This ts in 
agreement with the views of N. N, Petrov and N, A, Krotkina [11], who found pronounced epithellai prolifera- 
tion even after the foreign body introduced into the gall-bladder had been ejected into the Intestine, 


According to G. N, Zabusov and I, F, Ivanov (6), the possibility of regeneration of the intramural nervous 
apparatus of the gall-bladder after its destruction in the course of an inflammatory process is inconsiderable, 
We, too, noted the limited extent of regeneration of nerve fibers in the walls of the gall-bladder, and the in- 
stability of the regenerated fibers. It 1s possible that the denervation occurring during the process of chranic 
inflammation of the gall-bladder removes tissue processes taking place in this organ from central nervous con- 
trol, and may to some extent prepare the ground for the development of cancer, 


SUMMARY 


Experimentally induced cholecystitis was studied in guinea pigs at periods varying from several minutes 
to 680 days. It was established that the intramural nervous apparatus of the gall bladder does not show any 
morphological changes in acute stage of the inflammatory process, Degenerative changes develop at first in 
the receptor apparatus and later when the inflammatory process changes into subacute and chronic phase they 
appear in the nerve fibers. This process terrninates by disintegration of the latter, In the late stage of this ex- 
periment the nerve cells of intramural ganglia under dystrophic changes. 
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AN APPARATUS FOR RECORDING BALLISTOCARDIOGRAM DISPLACEMENT 
RATES AND ACCELERATIONS 


G. E. Tsintsadze 


From the II Therapeutic Clinic, Tbilis Postgraduate Medical Institute, Director of Clinic 
Dr. L. I, Andzhaparidze 


(Received January 28, 1957. Presented by V. V. Parin, Member of the Academy of 
Medical Sciences of the USSR) 


The ballistocardiograph, being a valuable diagnostic tool, is being widely introduced into cardiovascular 
clinics, 


There are at present two types of apparatus, in which the ballistocardiogram is recorded indirectly and 
directly, respectively. Of the indirect the most common are Starr's high frequency table [4) and Nickerson's 
low frequency table, critically damped [2]. These can record only two parameters of the motion, velocity and 
displacement, the third — acceleration — not being recorded, 


| 


Fig. 1. General view of the balHstocardiogram recording setup, 
Description in text, 


The indirect ballistocardiographs are easily calibrated accurately, which is undoubtedly. one of their ad- 
vantages, But they have also disadvantages, mainly their being cumbrous, 


The direct ballistocardiograph was introduced to clinical practice later, Of the very numerous types, 
Smith's (3) direct ballistocardiograph transducer lias been most used, this recording all three parameters simul- 
taneously, This is achieved by integrating and differentiating the electromagnetic transducer output electroni- 
cally, the transducer sensing the velocity. 
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A major disadvantage of the direct method fs the difficulty or impossibility of calibration, as Kazmeter 
and Schild state, So in analyzing and evaluating the ballistocardiograms only the qualitative aspects are usually 
considered, 


For recordings to be satisfactory the natural frequency of the platform or transducer must be higher than 
that of the body, if distortion due to resonance and beats is to be avoided, Starr's table has a satisfactory fre- 
quency characteristic but has a second degree of motional freedom, which may affect the curve shapes, 


The direct transducers also have this second degree of freedom, Also the various transducers vary in 
weight and in envelope elasticity, which introduces add{tional factors into the determination of the frequency 
characteristics of the transducer plus patient system, 


Our ballistocardiograph (Fig. 1) is In essence an 
attempt to combine the advantages of the indirect 
mechanical recording system with Smith's direct balli- 
stocardiograph. The mechanical system fs based on the 
free-bob pendulum principle, giving a high natural fre- 
quency and simultaneously minimizing the second de- 
gree of freedom, The pendulum system Is convenient 
also in being easily calibrated. 


The mechanical system Is comprised of the fol- 


{ 
Fig. 2. Circuit of the integrating and differentiat- lowing parts: 


ing device. The angle-iron frame and stand (1) fixed on a 
Description in text. solid couch, The bob frame (2) is also of angle-iron, 

the upper cross-bar being freely supported in ball-bear- 
ings fixed to the brackets (3) in the stand, The lower cross-bar carries two shaped rests for the lower parts of 
the patient's legs, (4). The stand carries two vertical adjustment screws (5) attached .to the bob frame to ad- 
just the frame relative to the couch (for leg thickness), 


The sides of the stand carry catches (6) to retain the bob frame in the central position. These can also 
be used for calibration purposes (the catches have gaps within which the frame can be moved over a strictly 
defined range). The ballistocardiograms can then be calibrated by adjusting the sensitivity. 


The electrical circult comprises a magnet attached to the lower cross-bar in the bob-frame by the brass 
rod (7) and a coil (8) of 100,000 turns of copper wire 0.08 mm in diameter. The coil, being fixed to stand, can 
be adjusted vertically by the screw (9) to follow the bob frame, so the magnet moves freely within the coil; 
the capacitors and resistors (10) for differentiating and integrating the signal (Fig. 2) are mounted In the upper "3 
part of the stand, : 


This ballistocardiograph is simple to build, portable and cheap. 


SUMMARY 


A new model of ballistocardiograph was suggested, In which the advantage of the mechanical system of 
indirect recording is used in conjuction with the principle of direct ballistocardiography according to Smith's 
method, The mechanical system of this apparatus is designed by the principle of a pendulum with a free pen=- 
dant, This provides high frequency of oscillations of the apparatus and simultaneously it causes the second de- 
gree of free movement to come down to a minimum, The system of pendulum Is, likewise, convenient since 
it is easily calibrated, 


The ballistocardiograph which is proposed is easily handled, portable and inexpensive. 
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DETERMINATION OF SMALL AMOUNTS OF HISTAMINE IN BIOLOGICAL FLUIDS 
FROM ALLERGIC SKIN REACTIONS 


V.1. Medvedev and O. K. Shaposhnikoy 
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A prominent place {s afforded to the elucidation of the role of histamine and of substances with a hista- 
mine-like action in the experimental and clinical study of the pathogenesis of allergic reaction’, The authors 
of this paper have been required to determine very small amounts of such substances. The methods generally 

used do not, however, permit of the detection of such small amounts. Thus one of the most sensitive methods, 
depending on the reaction of isolated guinea pig intestine, permits of the detection of not less than 0.005 mg 

of histamine In a given solution (L. A. Oivin and V. I. Oivin). We have found that such doses of histamine do 
not cause any change in the blood pressure of cats. / 


Change in the rate of flow of blood through renal vessels of a dog after 
introduction of skin dialyzate from a nettle-rash patient. 


In searching for a method enabling us to detect very small amounts of histamine, we directed our atten- 
tion to the very high sensitivity to histamine of the renal blood vessels, These are dilated by histamine in dilu- 
tions of 1:10°to1:107 which have no perceptible effect on systemic pressure, This leads to an increased rate 
of flow through the renal blood vessels, We measured the rate of flow by means of a Rein diathermic flow-meter, 
A special electrode {s placed on an exposed, but not opened, artery, and the blood flowing through ft 1s heated 
by means of a high frequency current, This gives rise to a temperature difference between the blood distal and 
proximal to the electrode, The faster the blood flow, the less time it spends In the high frequency field, and 

the smaller Is the temperature difference, This temperature difference is picked up by a thermocouple mounted 
into the electrode, and the readings are recorded through a galvanometer on a moving photokymograph strip, 
Simultaneously with the measurement of blood flow, we registered blood pressure, under Hexenal anesthesla, 
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by means of an optical manometer, The electrode of the Rein flow-meter was inserted through an abdominal 
incision, and placed on the renal artery. The test solution was introduced Into the illac vein. The presence 
of histamine or of a histamine-like substance was indicated by increase in the rate of flow through the renal 


artery. 
We tested skin dialyzates from normal controls (9 tests) and from patients suffering from nettle-rash, taken 

from unaffected parts of the skin (4 specimens) and from the urticarial wheals (10 specimens). The skin di- 
alyzates were prepas ed in the following way. A glass cup, with a base diameter of 38 mm, covering a skin 
areacf 10.33cm *, was fastened to the selected surface with an elastic tape. The cup was filied through an opening at 
its top with 6 ml physictogical saline, which remained in céntact with the skin for 30 minutes, after which It was pipett- 
dout. The dialyzate pies obtained was taken for injection with no further treatment. The amount injected for test 

s 1-3 ml. Apart frxn this, we made a number of tests of edema Nuid, aspirated from the wheais by means 


ve a fine needle, Foe purposes cf comparison, we determined the action of 1 ml of histamine solutions, in di- 
lutions of 1:10,000 and 1: 10,000,000. In all, we performed 28 tests. 


Our tests showed that the dialyzates from freshly = urticarial wheals contain substances which in- 
crease the rate of flow of blood in the renal artery, without affecting the systemic blood pressure, This effect 
was absent from material from healthy controls and from the unaffected parts of the skin of nettle-rash patiens, 
Tests conducted with standard solutions of histamine showed that an effect of the same order as that given by 
the urticarial dialyzates was given by dilutions of 1:10°7, 


Substances exerting a histamin se ~like acticn on the — were detected in the edema fluid i from 


tike action of tne edema fluid, 


SUMMARY 


A method of determination of histaminic activity in blological fluids (corresponding to content of hista- 
mine equal to 1: 107”) is described. This method consists of determination of the c changes of velocity of the renal 
biced flow under the effect of histamine in dogs. The vascular reaction Is registered by the change of blood flow 
velocity with the aid of Rein’s Now-meter. The data obtained verify the presence of histaminic activity 


in the fluid derived from urticarial vesicles, 
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